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TRANSLATOR'S PREFACE 


In May ot 197^ I visite<l Pulkovo Observatory near Leningrad* 
a visit which conjured up iaages of a tiae when the observatory 
was the "astronomical capital of the world." A century ago 
positional astronomy was the princioal activity of astronomers. 
The foundation of modem astroncsy was beiiig built. It was 
Pulkovo Observatory Itself chat set the standards for a great 
deal of nineteenth century astronomy t the determination: of fun» 
damental constants* the compilation of fundamental catalogs of 
stellar position* the determination of proper motions and trigo* 
nometric parallaxes of stars* the discovery and measurement of 
double stars* the development of instrumentation and methods 
of observation for increased accuracy. To study IHo history 
of Pulkovo Observatory is to study the development of astronomy 
in all of Russia over the past century and a half f it has been 
the Princioal Astronomical Observatory of the country since 
the time of its founding. 

During my visit to the observatory I was given a tour of 
the grounds juid a copy of A. N. Dadaev's 1972 work on the 
history of the observatory. As a result of the friendly atti- 
tude with which I was received* I have since wanted to make 
available to readers of English the historical treatise that 
was given to me. The start of this project took over two years. 
Though a 1958 version o.^ Dadaev's history was translated into 
English (coinciding with the lAU meeting in Moscow), the second 
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edition of hie history is three times longer and contains mMch 
more information on the post-World War II activities of the 
astronomers at Pulkovo. Besides* the English version of 1958 
is not readily available. Because Pulkovo Obseirvatory ranks 
today with institutions such as Yerkes* Lick* Hale and Greenwich 
the histories of which are important to modern astronomy* I 
felt that my translation project would be worthwhile* both as 
a service to those interested in the topic and as a thank you 
to the Pulkovo astronomers K. N. Tavastsherna and G. S. Kosin. 

In addition to the translation I have added a name index 
(containing full names and dates where available)* a table of 
the observatory's directors and to the list of references some 
reading material in English. 

The Library of Congress scheme for transliterating the 
Russian alphabet has been used throughout. This may make for 
some confusion* as Del'ch is also known as Deutsch* Ganskif as 
Hansky* and Oskar Andreevich Baklund is also J8ns Oskar Backlund 
I would like to thank Professor S. Vasilevekis (retired 
Lick Observatory astronomer) for help in clarifying a number of 
passages. The ultimate responsibility for the translation* of 
course, is mine. 

Kevir. ?rri sc i liras 

Medium Altitudes Mission Branch 
Ames Research Center. v.a^'A 
Moffett Field, California 


29 October 1977 
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At the present time Pulkovo Observatory bears the name of 
Princioal Astronomical Observatory of the Academy of Sciences 
of the USSR,^ but for a very wide circle of people in cur country 
as well as outside its borders* it is known by the first of its 
names. 

PourKied more than 130 years ago, Pulkovo Observatory, in 
the first decade of its existence, acquired a reputation among 
scientists of the whole world as a first class scientif ic-inves^ 
tigative establishment, and the title of astronomical capital of 
the world was already attached to it then. The world-wide repu- 
tation and universal recocnition of the observatory came as a 
result of its own distinguished works in different areas of 
astronomy, to astronomical observations of an exceptionally 
great precision, and to the carefully thought out organization 
of the observations and the cont’l^jeA perfection of methods and 
means of astronomy. 

The observatory is situated to the south of Leningrad, I 9 

^Throughout the extent of its history Pulkovo Observatory 
has had several official names* Principal Astronomical Observatory 
at Pulkovo (1839-1855)* Nikolaevskaia Principal Astronomical 
Observatory (1855-1918), Principal Russian Astronomical Obser- 
vatory (1918-1927), Principal Astronomical Observatory of the 
USSR at Pulkovo (1927-1945), and Principal Astronomical Obser- 
vatory of the Academy of Sciences of the USSR (since 1945). 
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kilometers from the center of the city» on a hill 75 meters 
above sea level. A straight and level highway runs almost 
along the meridian from the city to the obseirvatory, the domes 
of which are visible at a distance from Moskovskii Prospect in 
Leningrad. At the foot of the hill the highway forks t one 
branch goes to the city of Pushkin (formerly TSarskoe Selo)» 
the other to the main entrance of the observatory and on to 
Jatchina* Pskov, and Kiev. 

The fame of Pulkovo stems not only from the scientific 
activity of the astronomers, but also from the battles fought 
by the defenders of the city of Lenin, the cradle of the prole- 
tariat revolution. Three times in the years of Soviet power 
Pulkovo was the scene of a bitter, bloody struggle against ihe 
enemies of the revolution and socialist state. On the third 
day after the achievement of the rev'^lution in Petrograd, in 
November of 191? » a confrontation took place on the Pulkovo 
heiehts between the Red Guard forces and the troops of the 
Provisional Government, which were routed there. In Octobex' of 
1919 the White Guard army of General lUdenich was stopped and 
routed at Pulkovo. Finally, the Germano-fascist troops, advan- 
cing towards Leningrad in 19^1* were held back here. Prom the 
Pulkovo heights began the all-out offensive of Soviet troc s on 
the Leningrad front. 

From Seotember of 19^1 till January of I'ikk the southern 
boundary of besieged Leningrad was defended and held one and a 
half kilometers to the south of the main building of the obser- 
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vatory. Intensive artillery and mortar fire from the enemy 
positions and bombardment from the air brought total destruction 
to all buildings of the observatory* General damage done to the 
observatory was estimated at 137 million rubles (or 26 million 
American dollars, in 1944 currency). 

The year 1953 was the year of the second birth of Pulkovo 
Observatory. It was not simply restored, but rebuilt from the 
ground up. Present cost estimates for thiS' exceed prewar ones. 

The scientists at Pulkovo worked on diverse problems in astro- 
nomy and related disciplines, and according to the variety of 
undertakings by a number of people, Pulkovo Observatory presents 
itself as one of the most important scientific -investigative 
astronomical institutes in the world. 

Pulkovo played a significant role in the creation and devel- 
opment of a number of observatories in our country and beyond the 
border* Simeiz, founded in 1908, Kislovodsk Mountain Station 
(1948), Blagoveshchensk Latitude Station (1958), SHema^a 
(1959)» Zelenchukskaia (1968), Ulanbatar (Mongolian People's 
Reoublic, i960), Chile (near Santiago, in 1962 transferred to a 
new olace), and others. Pulkovo Observatory has branches at Niko- 
laev (Ukraine), Kisloi^.dsk (North Caucasus), Blagoveshchensk-on- 
the-Amur (Par East), and investigative bases at the three points. 
Prom 1960-1964 the number of investigative expeditionary bases 
organized by the observatory reached lO, and of ti:ese, two- 
Zelenchukskaia and Novosibirsk- stand now as investigative centers. 

The significance of Pulkovo Observatory in the development 
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of modern astronomy is great. The activity of Pulkovo astro- 
nomers in the past amd present includes almost all branches of 
observational astronomy, with the exception of the monitoring 
of meteors* which to an equal extent can be considered an astro- 
nomical* as well as an atmosoheric* phenomenon. In the line of 


workers at Pulkovo were such prominent scientists as Wilhelm von 


Struve*'^K'p, A. Bredikhin* A. A. Belopol’skii* A. A. Ivanov* and 


G. A. Tikhov. Their works have long been considered classical. 


The history of the observatory is closely connected in purpose 
with the history of astronomical science* and its modern activity 
falls in line with the demands of science and life. 


■®Struve is better known by the German form of his name (Fried- 
rich Georg Wilhelm von Struve) than by the Russian form (Vasilii 
lAkcvlevich Struve). (Tr. note) 
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THB FOUNDING OF TH£ OBSERVATORY 

The date of founding of the astronomical observatory at 
Pulkovo is considered to be the day of its official inauguration- 
7 (19) August 1839 • The opening took place in the presence of 
members of the Academy of Sciences (the full delegation)* high 
dignitaries, foreign officials, eminent scientists and astronomers 
from other observatories of Russia* The event had c. great signi- 
ficance attaf'hed to it. 

The construction of a large, well-equipped astronomical 
observatory near Saint Petersburg, at that time the capital, 
by direct authority of the Academy of Sciences was dictated by 
practical necessity. Russia stood on the path of capitalistic 
development, which signified the expansion of production and a 
fuller utilization of resources. The use of the country's 
natural resources was tied to the geographical studies of its 
vast territories, and the construction of geographical maps 
in the end depends on astronomical observations and a knowledge 
of precise stellar coordinates. 

So, the practical objective of astronomy at that time was- 
precise stellar coordinates. But this goal was not easy. 

Achieving it required the development of astronomy as a science. 
Astronomy, orecise positional astronomy, which, according to the 
term, by definition deals with positions of celest’al bodies, 
had to make a step forward, which is to say, a leap ,n its devel- 
ooment. This "leap" was raani: ited in the activity of the Pulkcvo 
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O./servatory in the first ten years of its existence* Precisely 
this was typified in the exceptional merit of the founder and 
first director of the observatory* W.* von Struve (1793-1864), 
who by rifht was one of the greatest astronomers of the world* 

W* Struve was not only a talented administrator and reformer, 
but was also an immutable ideological inspirer of the transforma- 
tions contemolated by him in observational astronomy. Permanent 
concerns to him were to organize not only areas of positional 
astronomy* These concerns had a non-negligible significance for 
the development of all areas of astronomy, and in general preserve 
their significance to the present dziy. 

Let us take a cursory look at the state of astronomy during 
that eooch* Of course, the Copernican paradigm was accepted by 
scientists everywhere. But the system of Copernicus received 
confirmation in view of the discovery of stellar parallax (or the 
measurement of the distance to stars) just in the years when the 
observatory at Pulkovo was built. 

The discovery of annual stellar parallaxes (which are very 
small displacements of the stars on the sky due to the annual 
motion of the Earth around the Sun) was made, independently from 
each other, by a trio of astronomersi Wilhelm von Struve at Dor- 
pat (now Tartu in Estonia), where he graduated from the university 
and began his scientific activity* P. Bessel in Germany; and T. 
Henderson at the Cape of Good Hope. In a number of European 
countries at that date, and in Russia, there already 
existed sufficiently equipped observatories, where systematic 



observations were being carried out and, as it hap-rened, the 
discovery was made. Observations for the ;7!ost part were of the 
Moon and planets? double stars, coasts (when tney were visible , 
"fogs," according to the modern concept, remote star congregates, 
galaxies aivi gaseous nebulae. Along practical lines, ir peir- 
ticular for navigation, star catalogs were periodically made uo- 
lists of stars with their coordinates. Of purely theoretical 
works, such as celestial mechanical investigations or cosmogoni- 
cal hypotheses, these were not yet dealt with, as far as they 
were not directly tied to observations. 

In any case, from the evidence cf annual parallaxes to the 
.scovery of quasars and pulsars, astronomy once again had to 
travel a long road. For comi^lete and final oroof of the Coperni- 
can system it took almost JOO years. What a fas tempo it has 
developed at, in order to reach tt present state xn ijo years! 
And in this development of astronomy an important rcle belongs 
to Pulkovo scientists. 

Stellar coordinates are fundamental astronomical data, and 
this fundamental nature is necessarily permanent. nonfrc»’.cing 
a orincipal oroblem of the new observatory- the production of 
high-precision catalogs- W. Struve oursued nor- onl^ cractical, 
but also purely scientific goals. The steilar catalogs which 
were used uo to the found ina of the Pulkovo Observatory could 
not nrovide a hooeful basis for the subsequent devel ODinent cf 
astronomy. Having been made familiar with ail previous catalog 
production efforts, W. Struve used all aspects of a new metuod. 
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called the "science of observation*" founded the Pulkovo 
school of astronetry. In essence* modern astronomy* as an 
imoortant branch of astronomy, dealing with various astronomi- 
cal measurenents* originated together with Pulkovo Observatory. 

It is needless to say that at Pulkovo the "art of observation*" 
which Pulkovo astronomers and also their predecessors made 
famous* was successfully combined with "scientific observation." 

Struve's method tied together in itself the elaboration of 
titeory* the construction of instruments* and a program of obser- 
ving nearby and distant objects* sind a comorehensive inves ligation 
of instrumental and oersonal observational errors. The theoretical 
basis of the method might seem at first glance paradoxical* as is 
described briefly by the fcliowingi a considerable test of pre- 
vious observatiens, completely ignoring the resulcs. In other 
words* on the basis of the observations W. Struve decided to 
create such stel’ar catalogs ;;hich would not depend on data of 
orev’ous catalogs, and the objective would be to build on the 
results of his own observations. In astronomy two methods of 
observation are distinguished! relative * when the stellar posi- 
tions on the sky are measured with resoeot to fundamental stars 
with k’own coordinates* associated with some catalog, and absolute * 
•v'nen the oosition of every star is determined separately, inde -en- 
oently from other stars, in an agreed-upon system. But it is 
necessary to define the very system of coordinates. The fixing 
of this deoends on knowledge of the Earth's motion, wh'ch in 
astronomy characterizes itself as a so-called astronomical constant. 
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An astronomer must always remember that, n^ile carrying 
out observations, he is not situated at a fixed point in space, 
rather, on a moving Sarth, determining his "dozen motions," 
owing to the action of gravity and other laws of mechanics (in 
time he knows "eleven" motions). The measurement of the coord- 
inates of celestial bodie:: consists in deteming two quant Ities- 
right ascension and declination. They are analogous to the geo- 
graphical coordinates on the Earth's surface, longitude and 
latitude, and in astronomy there are the concepts of a "celestial 
pole," a "celestial equator," and a zero point on the equator- 
the "vernal equinox." These three concepts give an idea of the 
system of coordinates for celestial objects. But the coordinate 
system, tied to the observations, changes all the time, as the 
observer .aoves together with the Earth. It is necessary to find 
some "fixed" system or at least one which would move transversely, 
always remaining parallel to one's self. In physics such a system 
is called inertial , and it is, according to the theory of rela- 
tivity, equivalent to an absolutely fixed frame of reference. In 
order to have the desired coordinate system it is necessary to 
eliminate all motions of ^he Earth, especially rotational ones. 

This consists of the proolem of determining astronomical constants. 
Of course, in this problem there also enters the determination 
of refraction, which is not connected to the Earth's motion, but 
to the refraction of light in the Earth's atmosphere. 

So, in order to achieve the objectives, it was necessary to 
ignore the results of others* observations, not only to necessarily 
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forget other catalogs i but to determine astronomical constants 
all over again* In this was involved an absolute method of 
determining the coordinates of celestial bodies. Struve's method 
was an absolute system. All the advantages of his method were 
agreed upon much later* when* after his death* the so-called 
fundamental stellar catalogs were beginning to be created* about 
which we will have more to say. 

In order to increase the accuracy of the observations V. Struve 
proposed a method of separately determining both coordinates. For 
this our pose he ordered from Germany instruments of two types* 
a transit instrument (objective diameter D = I50 mm* focal length 
f = 260 cm) for the determination of right ascension* and a vertical 
circle (D= I50 mm* f = 195 cm)- for the determination of declina- 
tion. The instruments were manufactured in Munich according to 
Struve's plan by the master Ertel, and were the largest in the 
world for the puroose of meridian observations. Repeatedly moder- 
nized* they work up to the present time* carrying out a program 
of absolute observations. 

Struve also planned a large project of relative* or differ- 
ential* stellar observations* for which he obtained a Repsold 
meridian circle (D= 150 mm* f = 215 cm)* also manufactured in 
Germany. Repsold' s transit instrument (D = 155 mm* f = 235 cm) 
was used for the determination of astronomical constants (aber- 
ration and nutation)* it being fixed on the prime vertical* i.e.* 
the plane perpendicular to the plane of the meridian. 

All instruments were situated in special parts of the main 
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building of the observatory* built according to the plan of the 
well-known Russian architect A. P. Briullov (1798-1877)* The 
aain structure (as it appears even today) consisted o. two 
stone buildings* a west one and an east one* and a central obser- 
vational part* united by corridors to the east and west buildings. 
Above the central part stood three wooden octahedral towers with 
conical roofs. In the Biddle the largest of these contained 
a 15 -inch refractor* the work of the German opticians Ners and 
successors to the famous Fraunhofer. This refractor* 
intended for the measurement of double stars* was for a long time 
the largest in the world. Thus* the equipment at Pulkovo Obser- 
vatory was most modern for its time. 

W. Struve took special care in the selection of the observers. 
Besides himself* the scientific staff of the observatory consisted 
of four astronoBi«»rsi his son Otto Struve, G. Sabler* G. Fus, and 
F. Peters. This staff woald be able to ensure the implementation 
of the selected program. 

Already, in 1842-1843 appeared the work of 0. Struve, F. 
Peters, and W. Struve o.» the determination of the constants of 

p 

precession, nutation, and aberration. Wnereas for the deter- 
2 

Precession and nutation are periodical motions associated 
with the rotation of the Earth and consisting of the change of 
position of the Earth's axis in space* or the change of position 
of the "celestial pole" with respect to a "fixed" Earth. Pre- 
cession operates with a period of about 26,000 years, nutation 
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■ination of the first two* chcjrav. . 3 rising the Earth's rotation* 

it i*equired the use of observaticns carried out earlier at Green- 

; 

wich and Dorpat* for the detuml‘~ULtion of aberration W« Struve 
utilised his own observations aad« at Pulkovo during the years 
1840-18b2 with the help of tke tn nsit instruaent* fixed on the 
priae vertical- As far as tie constant of aberration is associa- 
ted with the velocity of li^v in space* these observations of 
V. Struve allowed hia to conclude that light frc» all stars 
travels with the saae velocity of 286*433 versts per second* 
with an error no greater than l.SO versts (previous deteraina- 
tions contained errors greater :han 3000 versts per second).^ 


with a period of 18-6 years. Therefore* t' jir determination 
requires a nuaber of observations* taken over a considerable 
span of time. Only having begun work at Pulkovo* the astronomers 
were not able to aake the defenainatjons solely with their own 
observations. This was supposed to be done '* iter. 

Wie phenomenon cf aberration arisc*^ . rom a sun of velocities 
the velocity of the spreading out of jiight* and the orbital 
velocity of the Barth. Mie constant of aberration was able to 
be determined on the basis of ^oserv.itions ca’"i^ied out over a 
period of approximately one and a half years. 

3lf versts are converted into kl ometers* the velocity of 
light* according to Struve, is 1^7*700 km/sec. Prom this it is 
obviou^^ that Struve did iCi; quite correctly estimate the accu- 
racy of the determir-ition of the velocity of light. Of course. 
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Ontil the work at Pulkovo, the b»*8t detensination of 
aberration belonged to Bessel (20.475) • In the year 1896, 
by suggestion of the American astronomer S. Newcomb, in the 
capacity of an international expert, it was customary to adopt 
the value of 20^470 for aberration, close to the determinations 
of Bessel and W. Struve. However, the average of its values 
from all determinations at Pulkovo from 1840-188C (20*493), 
also known to Newccmb, was almost in agreement with the modern 
(Hamburg, 1964) accepted value (20?496). The same can be said 
about the constant of nutations the customary value (9*210), 
which we use by international agreements of I896 and 1964, is 
very close to the value obtained by P. Peters in 1842 (9*214). 
Such an objective characteristic of Pulkovo results is now 
cleared uo in full measure. 

Consequently, quite objective is the recognition of Pulkovo 


its value was determined much more precisely than before, but it 
still was further from the true value than Struve supposed. His 
determination depended on the accuracy of determining the constant 
of aberration, but into this value to an uncertain degree enters 
one other constant, the so-called solar parallax, or distance to 
the Sun, which was known also with considerable uncertainly. How- 
ever, net only a more precise determination of the velocity of 
light, but also the establishment of the fact of the constancy 
of this velocity, which already does not depend on the solar 
parallax, deserves special attention. 
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star catalogs as being the highest precision of all original 
catalogs containing first-hand observational facts. Confronting 
a basic problem of observatories, generations of Pulkovo astro- 
metrists created absolute catalogs of right ascensions and decli- 
nations of stars for the epochs 1845, 1865, 1885» 1905* and also 
1930 and 1955* At first the catalogs contained 374 stars down 
to fourth magnitude, then the number was increased to 558, and 
in the catalogs of 1955 the number of stars contained exceeds a 
thousand. Already brought to light with the catalogs of 1845 
and 1865* arose the poasibility of creating fundamental catalogs 
on their basis, with the assimilation of observations from 
other observatories. 

The fact is that from the comparison of two initial (original) 
absolute catalogs for different epochs it is possible to obtain 
"stellar prooer motions," because with the absolute method. of 
catalog construction the motions of the Earth are eliminated 
(all except the transverse motion), and the charges of stellar 
positions in two catalogs, compared by us after the decades sep- 
arating one epoch from another, give evidence for the motion of 
most stars, also including the transverse motion of the Sun, i«e*» 
the motion of the Sun among the stars. ^ These are catalog proper 

^Strictly speaking, the initial catalogs contained not only 
the "transverse motion" of the Sun, but, as a rule, the precession 
of the Earth's axis. Therefore, to obtain "absolute proper mo- 
tions" of stars it was necessary to eliminate precession, which 
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motions and not peculiar* or "properly proper" motions* as far 
as the motion of the Sun enters into catalog proper motions in 
an uncertain manner. To precisely determine the velocity of 
the Sun's motion relative to the stars was possible only later 
on, and for the 1870* s the determination of "catalog pr-^per mo- 
tions" in great quantity was a huge undertaking, more so, as for 
all practical purposes* just such proper motions were necessary. 
Pulkovo observations were furthered to a considerable degree 
with this undertaking. 

Fundamental catalogs of stellar positions contain* besides 
cooroinates* also the proper motions. Thanks to this they re- 
main suitable for every eooch and, really* represent the very 
foundation of astronomy. Such catalogs are made up* originating 
from the results of observations of many observatories. Works 
for the creation of fundamental systems received their develop- 
ment in America and Germany (S. Newcomb* A. Auwers* L. Boss). 

But with all the ons+ructions of fundamental systems* Pulkovo 
catalogs* displaying great precision* were invariably given the 
greatest weight. So it was* S. Newcomb wrote, that one observa- 


was fully possible with the sufficiently leirge difference in 
the eoochs of creation of the catalogs. As was found out in 
the years 1925-1927* with the discovery of the rotation of the 
Galaxy, the motion of the Sun together with the system of planets 
was not strictly transverse. This in general complicates matters* 
though practically does not enter into the calculation. 
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tion on the Pulkovo vertical circle was equivalent to twenty, 
thirty, or even forty observations made by average observers 
on a meridian circle. Newcomb himself caught the gist of it 
and brought to use the words of his compatriot and conterooorary, 

B. Gould, calling Pulkovc the "astronomical capital of the world." 

One of the first works cf Pulkovo astrono.^ers that deserves 
mention is the investigation published in 1848 by P. Peters 
concerning the parallaxes of 8 bright stars, based on observa- 
tions made with the vertical circle. Peters confirmed the 
results of Struve and Bessel and proved once and for adl that 
oarallaxes of stars are exceedingly small, and, consequently, 
the distances to them are enormous. Struve himself described 
this work of Peters, "as a genuine standard of precision and 
inherent oerf action." 

W. Struve's classical work. Etudes d' Astronoiaie Stellaire . 
published in 184? as a separate book, assumes a special place. 

It was not directly corjiected to the rest of the works at Pul- 
kovo and, according to its title, did not certain to positional 
astronomy, but rather to the realm of stellar astronomy. From 
his profound analysis of available data concerning thft distribu- 
tion of stars it is possible to conclude how intricately W. 

Struve understood the problems of astronomy and the significance 
of Pulkovo observations for following its development. Struve 
in oarticular deirr strated the absorption of starlight with its 
oassaffe through space . This result had an important cunsequcnce 
for the development of stellar astronomy, and also for a resolution 



17 


of Olbers* paradox (ca. 1826) » which concerned the realms of 
cosmology and philosoohy. 

This paradox may be formulated as follows. With a uniform 
distribution of an infinite number of luminous objects in the 
universe* the brightness of the sky must be infinitely great* 
something we do not observe in reality. The sky is dark* but 
it should appear blindingly bright. This mea)is either that the 
universe is finite* or some other thing keeps the sky from being 
infinitely bright. W. Struve found the "other thing* in the 
form of the cosmic absorption of light. Of course* as the end 
of the century the paradox took on another fora* and even with 
the help of cosmic absorption it was imoossible to resolve it. 

Raising a number of ohilosophical problems (the relativity 
of motion* an infinite universe) Pulkovo scientists at that 
time were still aware of the practical value of the results of 
their investigations and they did not ignore the practical prob- 
lems of astronomy which also concerned them and the regulations 
of the observatory. In accord with the regulations, the Pulkovo 
Observatory scientists assumed an active participation in geo- 
des ical and geographical undertakings going on in Russia. Any 
and all important work of an astronomical -geodesical character 
was carried out under their leadership, and the director of the 
observatory, not without reasons in his reports, enumerated the 
works oroduced by the General Staff and other departments. 

Prom 1816 to 1855, field works and observations on a vast 
scale were carried out under the direction of Wilhelm von Struve, 
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with the aim of measurire the different meridians between the 
Danube and the Arctic Sea, with a total range of 25 ^ 20* . This 
"Russo -Scandinavian arc," or "Struve’s arc," presented at that 
time a very large measurement of a degree on the terrestrial 
surface. It even now has a great value for the determination 
of the Earth’s figure j even by modern standards it ought to 
rank as a great undertaking. In the years 1899-1901* soonsored 
jointly by the Russian and Swedish Academies of Sciences, Pul- 
kovo ast.'cnomers participated in degree and gravimetric deter- 
minations cn the Spitsbergen Islands, in a most northerly tri- 
argulation of the Earth, 

To Pulkovo belonged a great role in the training of geode- 
sists and toooaraphers in Russia. At first the lessons with 
the topographers were conducted by the director of the observa- 
tory himself, then to the General Staff was Kranted the means 
which provided the prescription of a soecial assistant director, 
instructors with the lessons, and the purchase of necessary 
instruments. In the year 1856, to the northeast cf the main 
observatory building, was built a small military department 
educational observatory. Prom I 863 the corpus of military topo- 
graphers suspended the sendina: of its officers to Pulkovo, but 
the practical training of geodesists continued right uo to 1917 
and even later. Beginning? with the year 1898, "uval officers- 
hydroarranhers were regularly commandeered to Pulkovo for the 
taking of oracticals, havinar finished the course at the Naval Acad 
emy. For their lessons an observinar tower was built next to the 
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General Staff's observatory t which was twstored in postwar times* 
and oreserved on it Is the name "naval tower." 

Soon after the October Revolution of 1917» in connection 
with an unusual reuiee of geodes ical, topographical* and gravi- 
metric works in the country and* first of all* with the apoearance 
of many soecialized institutions* the broad scientific and educa- 
tional activity for geodesy gradually began to diminish at Pulkovo. 
However* for newcomers to Pulkovo* the trainin«^ of Russian and 
foreign astronomers continues to the present time. 



THE ASTRONOMICAL CAPITAL OF THE WORID 


In October of 1861 • in view of serious illness and on the 
grounds of overwork* W. von Struve retired from official service 
Already in 1858 the activities of the observatory were managed 
by his son Otto Struve ( 1819-1905 )> who was selected by the 
Academy of Sciences in 1862 for the post of observatory director 
In the very same year* according to a new law* Pulkovo Observa- 
tory was transferred from the management of the Academy of 
Sci#»’^''^ ' t immediate subordination to ihe Ministry of Public 
F w - ne special role of the observatory was accentuated 

V .cisage of the new law* as far as it w..s made equivalent 

to the Academy of Sciences* which was at that time subordinated 
to the same ministry. Allocations for the maintenance of the 
observatory were considerably i.icreased* almost doubling its 
scientific estate. For opinions concerning scholarly matters 
and the decisions of questions of an important nature for the 
activities of the observatory was established the Committee of 
the Principal Astronomical Observatory* under the chairmanship 
of the president of the Academy of Sciences., and made up of 
representatives of departments, to which the activity of the 
observatory had a direct relationship. 

The change of directors took place during Pulkovo Observa- 
tory's period of flourishing, during its worldwide recognition 
and fame. Also at that time considerable events were taking 
place in physics and astronomy, opening new paths for the devel- 
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ODment of sci&nca. These events f creed Pulkovo to improv-a its 
methods of work* in order to keep 'ip with the times. 

The beginning of the 1860*s Kiras marked by the invention 
of soectral analysis. The application of it. to astronomy, side 
by side with the invention of photography, ^ prompted the devel- 
opment of a • aw branch of astronomic '»! science, astrophysics 
(the science concerning the nature of celestial objects), for 
which the second half of the XIX century was characterized by 
the accumulation of observational material* numerous deter- 
minations of luminosity (brightness) and color of stars, the 
classification of stellar spectra an<l-**'he sa^ch f ''C .the most 
rational classification, the study of spectra of comets and 
nebulae, and the measurement of the velocities of celestial 
bodies along the line of sight (the determination of radial 
velocities) from the displacement of the lines o their soectra. 

^The invention of photograohy by Daguerre (daguerrotyp^-s) 
coincided with the year of founding of Pulkovo Observatory. 
Daguerrotynes soon after were used to obtain the first pictures 
of the Sun, Moon, and bright stars. A more important apolica- 
ticn war found for astronomy at the end of the 1850’ s, a id since 
the 1880* G. with the invention of extremely sensitive dry 
bromide-gelatin olatss, ohotography superceded visual methods of 
observing for almost all areas of astronomy. 
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The solution of theoretical problems of astroohyeics, which made 
this as orecise as classical astro'omy> was possible by the XX 
century, thanks to the successes of theoretical ohysics, in par- 
ticular the theory of radiation and atomic physics. 

In essence, astrcphysical iavestigat* ns were conducted at 
?ulkovo Observatory from the time of its founding. Of such can 
be considered the determination of the velocity of I'ght from 
the constant of a'uerration (see above), and W. Struve's con- 
clusion concerning the existence of cosmic absorption of light. 
Prom observat?ons of a total solar eclipse in 1851 0. Struve 
reached the conclusion that prominences and the corona were not 
oot'cal ohencraena caused by the Moon as assumed earlier, rather, 
they were formations inherent to the Sun. 

In several articles of the postwar period the the eht was 
''xoressed thar in the 1860*3 astroohysics at Pulkovo developed 
slowly, and the reason for this seemed to be a negative attitude 
of the director C. Struve towards it. This was not so. In two 
naoers oublished by 0. Struve for the Academy of Sciences in 
February of 1866 ( "Photograohy for use in astronomy" and **Con- 
cernlne the r/?le of astr' hysics in astronomy"), it is noss.ible 
to f ;e that the director correctly understood the nroblems of 
astr-'ohysics of that time, and the rurnose of the capers c^n- 
sistec' in the justification of a new direction included in tko 
sohere of the observatory’s activity. Some restraint was call'd 
for by Struve with the fear that the enthusiasm for novelty ana 
if it is possible to say, the search for discoveries withdrew 
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astronopiy from its "life purpose* of scientific exactness and 
mathematical nrecisi-^n. Later, in 1889 Struve wrote* "As far 
as astrophysics is concerned, its acceptance into the circle 
of the observatory's activity was a necessity of the time, be- 
cause without this our work in practical astronomy would so?n 
become incomole te. Also, this astrophysics) in some of 

its parts is a comoletely new branch of investigation, and it 
is still far from that accuracy in observing and from conclu- 
sions based on this observing compared with precise astronomy, 
which represents almost rigorously mathematical motions of 
celest'al bodies, but the rapid development of astroohysics in 
the last two decades and its successes in the mentioned direction 
(_i.e.» increased accuracy) clearly show its value for astronomy, 

and the successes serve as a auarantee of further imorovement 

2 

regarding accuracy." v ^ 

The high precision of the observations made the fame of 
Pulkovo. The concern about its preservation was the business 
of many of the observatory's directors of prestige. Like his 
father. 0. Struve was a tal^'r.ted admi .-’‘.istrat-'r, successfully 
directing the observatory lon~er than other directors- more than 
30 years. If astrophysics at Fulk^vo exhibited co-siderabie 
oro-'^ress ir the twenty years following his retirement, it was 
his d''*ng. Any new field cf science cannot develop without 
exist'n?^ caoital investments. Astrophysics was esoec tally 

2 ^ 

To the Fi^-tieth Year of the Nikolaevskaia Principal Astro - 
nomical Cbservat'^ry , Saint Foterscurg, 1889 p« 5« 
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denanding in this respect* as for its developnent powerful 
telescopes and other expensive equipment was necessary. Otto 
Struve himself secured the apoortionment of the necessary funds 
from the goverraaent and purchased the required equipment, bene- 
ficially bestowed upon the observatory at the end of the century. 
But the technical backwardness of Russia on the idiole. forced to 
put in orders for equipment from beyond the border, did not 
proiiote a constant material base maintenance for Pulkovo Obser- 
vatory at a hi§d^ level. The observatories of other countries, 
particularly the USA. surpassed it in equipment, and the fore- 
most character of Pulkovo investigations was preserved basically 
for the calculation of an abundance of unsettled questions and 
in the ingenuity of the astronomers. 

However, in the 1860*s and 1870* s at Pulkovo, as at other 
observatories, astrophysics did not go beyond the accumulation 
of observational results. In the years 1868-1869 P. Rosen, a 
Swedish astronomer-geodesist, formerly in practice at Pulkovo, 
made estimates of stellar luminosities by means of a Zollner 
photometer (the observatory owned two such instruments then). 

He devoted soecial attention to the accuracy of the results and 
the study of the influence in them of p'^ssible errors of obser- 
vation. The technical secretary of the observatory, E. E. Linde- 
mann, continued these worksafter 1870. using the same method. 
Besides stars of constant brightness, variable stars were included 
in the orogram of observation. Producing a great number of ob- 
servations during the extent of more than a quarter century. 
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Lindeaan thorou^ly studied the errors in his estivates* which 
included his work in a nuaber of investigations of paraaount 
iaoortance executed at standard of the tiae. 

The striving towards a preservation of the "life principle" 
of strictness and accura:y in astronony was an unquestionable 
virtue of 0. Struve. His "outaodedness" was reported by others. 
Fervently dedicated to scientific progress in Russia* he however 
did not draw the Russiaoi intelligentsia to work. As before* 
vacant posts at Pulkovo were filled by Baltic Geraans- pupils 
at Dorpat University and foreigners. But for the sake of justice 
it follows to say that Struve was not aistaken in the scientific 
capabilities of those he invited. For example* in 1872 he invited 
to Pulkovo the astrophysicist B. Kasselberg from Stockholm* who 
introduced photoeraohic methods into practical observations. 

At that time a DallMyer photoheliograph was purchased* at once 
adopted for the observation of a transit of Venus across the 
disk of the Sun in December of 187^* in an expedition outfitted 
at Vladivostok. Hasselberg made the observations with the photo> 
helioeraoh. He manufactured the photographic plates by hand* 
requiring for it a ereat effort.^ The results of his photographic 
observations* although requiring a long wait* surpassed in pre- 
cision the results cf other authors* who used visual methods in 

3 

At that tiae dry plates did not exist and they used wet* 
colloidal nlates* which were prepared before their use. 
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The it obsenrations . 

Jn 1876 B. Ifaiaaelberg founded an astroidiyaical laboratory 
at PulkoTo and was engaged with spectral inreetlgations with 
the utilisation of photographic plates* which he continued to 
■ai.ufacture* He conducted experiwtnts with the luninescence of 
gases* studied the absorption sojctra of cheaical eleaents and 
coapounds* deterained and aade aore precise the warelengths of 
spectral lines* On the basis of tte study of coast spectra and 
carbon coapounds he indicated the presence of the latter in 
coaets. His nonograph on this question was the first in the 
world's literature* A basic principle of astrophysical imrcs- 
tlgation was clearly reflected for the first tiae in the works 
of Hasselberg- the coabination of spectral observations and a 
laboratory experiaent. Only such a principle could provide the 
strictness and precision of results* as far as theory was lacking. 

In 1882 a chair of astrophysics was established at Pulkovo 
Observatory* which was occupied by Hasselberg until his return 
to Sweden in 1889* On 1 January 1888 the Hoscow astron<»er A. A. 
Belopnl'skii (185A>''93^) invited for one of the vacated posi- 
tions of adjunct-astronomer. In 1890 he filled the position of 
astrophysics and until the end of his life remained the director 
of astrophysical work at Pulkovo* In 1886 a seperate astro- 
physical laboratory building was built with an electrical station 
with it* which allowed laboratory investigations to expand much 
aore widely. In astronomical observational technique* especially 
astrophysics and astrophotography* the lag behind foreign obser- 
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vatories had becoae apoarent. 

Already at the beginning of the directorship of 0. Struve 
tae 15 ~inch refractor* with which he h'nself made observations 
over the course of 40 years* had lost its place as the most pow- 
erful instrument in the world. Its mounting was noticeably out 
of date* something Struve becaaie clearly convinced of on his 
trip abroad. At that time the Clarks (the father and two sons)* 
American lens grinders* expanded their activi*^* having super- 
vised the oroduction of large objectives at Cambridge near Boston. 
In 1673 an objective of diameter 26 inches was manufactured at 
Clark and Sons for the refractor of the Washington (Naval) Ob- 
servatory* with the help of udiich Hall discovered the moons of 
Mars in 1877* With the very same instrument was found a number 
of close double stars* difficult for observations by means of 
the 15-inch Pulkovo refractor. All this defin’d the necessity 
of ordering a new* more oowerful telescope for Pulkovo. Thanks 
to the help of the Committee of the Observatory and the Ministry 
of Education 300*000 rubles was assigned for the ordering and 
manufacture of the instrument. 

An objective with a diamter of 30 inches (76 cm) was ordered 
from the firm of the Clarks; the olant of Feil in Paris manufac- 
tured the glass for it and the firm of Repsold in Germany made 
the telescope mounting. In June of 1883 the objective was deliv- 
ered to Pulkovo and the installation of the refractor in a special 
tower^ was completely finished in two years; the tower was built 
to the south of the main building of the observatory* according 
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to the plans* and under the direction of the engineer-general 
G. £. Powker* one-time Minister of Communication Means. In 
this way Pulkovo Observatory was for a second time the owner of 
the largest telescooe in the world* but not for longi soon after* 
the Clarks manufactured two still larger lens objectives* with 
diameters of 36 and~40 inches (91 and 102 cm)* for two American 
observatories- Lick (in 1888) and Yerkes (in 1896). The Yerkes 
40-inch refraxitor to this date is the largest in the world. 

Lenses of larger diameter have not been made* for as the diam- 
eter is increased* so is the thickness* in which the light col- 
lected by the objective is absorbed.^ 

^%e tower of the 30 ~inch refractor* greatly damaged in the 
war of 19^1-19^5» was demolished in 1953 • Together with the 
towar perished the telescope's mounting* only the objective hav- 
ing been oreserved* which is situated in the observatory's museum. 

Speaking of the diameters of telescopes* it follows to dis- 
tinguish refractors (lens)* reflectors (mirror), and mirror-lens 
telescopes. Large reflectors already existed at the end of the 
XVIII century. In 1789 William Herschel manufactured a telescope 
with a mirror diameter of 122 cm* and in 1845 W. Parsons (Lord 
Rosse) created a telescope with a metal mirror of 182 cm diameter. 
With the help of their telescopes Herschel and Rosse made many 
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In every case concerning the 30 -inch refractor of Pulkovo 
Observatory it was destined to go down in history* not only at 
its observatory* but in worldwide astronony. Kie first observa- 
tions with it were nade by the thii*(I son of 0. Struve* Heraann 
Struve ( 185 ^- 1920 )* who worked up to it from observations with 
the 15~inch refractor. In the first two years of observations 
H. Struve carried out an investigation of the instruaent and 
aade a large nuaber of double star aeasuronents. Froa his work* 
conducted with the help of the 30 -inch refractor* the investi- 
gations of planetary satellites of Saturn* Nars* and other planets 


discoveries. However* these gigantic telescopes were not perfects 
their airrors were aade froa copper and tin alloys* without spe- 
cial coatings* which is why they quickly tarnished and needed 
repolishing. Therefore* in the nineteenth century refractors with 
achroaatic objectives for soae tiae displaced reflectors. With 
the invention of thin coatings (at first silver* then aluminum) 
it became oossible to polish mirrors of durable material- glass 
or oyrex* which possessed a small coefficient of thermal ex cans ion. 
Then were created the largest ref lec torsi the 100-inch of Mount 
Wilson ( 1917 ) and the 200-inch at Palomar (19^8). In the twen- 
tieth century mirror-lens sv«*tems were produced* and also sys- 
tems with special correctional plates in front of the mirror 
instead of lenses (Schmidt and Maksutov systems/. 
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produced a most important result. Being also a physicist and a 
theoretician* H. Struve utilised his observations for the estab« 
lishment of a theory of motion of satellites* In the motion of 
the seventh satellite of Saturn* Hyperion* he discovered an ex- 
tremely subtle phenomen'*n- llbration (the tilting of the satellite)* 
which was given a simple exolanation with the help of the perturba- 
tion on Hyperion by the largest* sixth staellite in Saturn's sys- 
tem* Titan* This came to pass in 1888* and in 1892 he discovered 
the libration of the two satellites closest to Saturn- Mimas and 
Ence'’adus.* 

In 1895 H* Struve* having received an invitation from Kon- 
iffsberg to occupy the oost of director of the observatory and 
professor at the university* left Pulkovo* In 190^ he became 
head of the Berlin Observatory* for which a new building was 
built at Babelsberg* In that way he is considered the founder 
of the Berlin-Babelsberg Observatory* 

It is now aporopriate to speak of three more astronomers of 
world reno\»r. from the family of Struve* The fourth son of 0. 

Struve* Ludwiff Struve ( 1858 - 1920 ), was at first not on the 
staff at Pulkovo Observatory* but later on he was a professor 
at KHar'kov University and director of the university’s observa- 
tory. Geore Struve ( 1886 - 1933 ) » son of Hermann Struve* wa®" an 


♦A tenth satellite, now known as Janus, was discovered by 
A. Dollfus at Meudon Observatory in 1966. It is now the closest 
k-iown satellite to Saturn. (Tr. note) 
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astrononer-obsenrer at the Berlln-Babelsberg Observatory* Par- 
ticularly renowned as an important astrophysicist and admini- 
strator* the great-grandson of tne founder of Pulkovo Observatory* 
the son of I>* Struve* was Otto Struve (1897-^1963)* an American 
astronomer* director of two observatories- Yerkes (in the state 
of Wisconsin)* and HdDonald (in the state of Texas)* president 
of the International Astronomical Union (lAU) from 1952 to 1955* 
and in the latter years of his life director of the new radio 
astronomy observatory at Green Bank (in the state of West Virginia)* 
Let us return to his grandfather 0* Struve* In 1889* after 
the celebration of the fiftieth year of Pu_ .ovo Observatory* the 
70 year-old 0* Struve* having served at the observatory since the 
day of its founding* went into retirement and soon after moved 
to Karlsruhe* where his relations and close friends lived* He 
did not lose his interest in science up to the end of his life. 
Concerning his work and interests it is possible to judge accoid- 
ing to the publications of the observatory and from numerous 
letters preserved in the archives.^ 


^In the Archives of the Academy of Sciences of the USSR is 
kept* for examole* the correspondence of 0. Struve with the well- 
known Italian astronomer G. Schiaparelli* then director of Milan's 
Brera Observaxory* and discoverer of the "canals" on Mars. This 
correspondence consists of greater than 500 items. 



32 


AT THE TURN OF THE CEWURY 

The direction- of activity of an institxition and the condi- 
tion of natters in it greatly depend on the director* This was 
clearly illustrated in the prerevolutionary history of Pulkovo 
Observatory. When, for example. 6. A. Tikhov wrote a history 
of the observatory at its hundredth year, he subdivided the 
periods of its activity intot the new charter- a new director 
(0. Struve), the directorship of ftrc»dikhin. the activity of the 
observatory under Baklund. etc. One has to almost precisely 
follow this scheme, for actually the election of a new director 
every time signified the beginning of a new period in the obser- 
vatory's history. Of course, this did not carry with it the 
character of a revolution. On the whole traditions were preserved, 
but new_,distinetVjns appeared, chatacteristic of every period. 

Ir. the suiw.a: of 1890 P. A. Bredikhin (1831-1904') became 
the direc cox f th » observatory, elected in the seune year as a 
regular acai«r-ician of the Petersburg Academy of Sciences. He 
was already important scholar, the investigations of whom O'^ 
the theory of cometary forms acquired worldwide recognition. Over 
the course of 1? years he was director of the Moscow Observatory 
and a professor at the university. With the apoointment of 
Bredikhin Pulkovo Observatory's "orientation to the west" was 
overcome. Pulkovo became a Russian center of astronomical inves- 
tigations. 

Bredikhin himself, in his first report to the Committee of 
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the Observatory, wrote the following* * At the very outset of 
the governing of the observatory it was clearly evident to me 
that theoretically oriented oupils of all Russian universities, 
feeline and declarine their calling to astronomy, must be given, 
within the limits of possibility, free access to comolete prac> 
tical training in this science, and then to the pursuit of all 
scholarly positions of the observatory. In accord with this 
he at once appointed four people as additional astronomers,^ 
they having finished the course of mathematical sciences at 
the Petersburg and Moscow Universities at the head of the class. 
Three of them ( S. K. Kostinskii, A. A. Ivanov, and V. V. Sera- 
fimov) closely connected their fate with Pulkovo Observatory. 

The drawing of people having graduated Russian universities 
to the observatc y for additional positions was practiced after 
Bredikhin by his successor Baklund. For the calculation of the 
availability of "additional staff" the scientific personnel of 
the observatory increased itself almost one and a half times. 
With the aim of establishing scientific contacts, Br*edikhin, in 
the very first year of his directorship, visited astronomical 
observatories in Moscow, KHar*kov, Nikolaev, Odessa, and Kiev. 
Such visits he continued in following years. In 189^ he wrote* 
"The dealings with Russian university observatories, so lively 
now that it follows to rejoice from the soul, for a more or less 
prolonged period produced good people for us <xt Russian univer- 

^At present this position aporoximately corresponds to the 
post of junior scientific worker. 



34 


sities constantly* those who wish to improve one or another 
area of astronomy. With such a position of our business* ob- 
servatories do not have to worry about a shortage of good talent* 
when they need it."^ 

Finally* for the sake of the goal of the unification of 
forces* in 1890 Bredikhin org^ized the Russian Astronomical 
Society and was its first chairman* 

With the appointment of A. A. Belopol*skii to the post of 
astrophysicist* astrophysical observations all assumed a great 
specific weight in the program of observations of Pulkovo Ob- 
servatory. At first Belopol'skii investigated the rotation of 
Juoiter on the basis of numerous observations of different ob- 
servers. He reportedly discovered the differences of rotational 
period for the equatorial zone and in higher latitudes t Jupiter 

s/ 

does not rotate as a solid planet.. Along this line Belopol'skii 
began a study of the Sun's rotation according to the motion of 
faculae* which are c^'servable in numerous photoheliofframs ob- 
tained by B. Kasseloerg in 1881-1888. For the measurement of 
the olates he engaged the help of M. N. Morin. The result was 
a>^alogous to the followingi with the degree of moving off from 
the solar equator to its poles* one can clr rly detect an increase 
of the rotational period. Later on* in 1905 and 1925 Belopol'ski 
once again returned to a detailed investigation of the Sun* s 

o 

^Repo t to the Committee of the Nikolaevskaia Principal Astro- 
nomical Observatory at Pulkovo* presented by its director* Saint 
Petersburg, 1894* p. 4. 
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rotation on a spectroscopic basis. 

In I891 Belopol'skii was sent abroad for the ordering of 
necessary instruments- a stellar spectrograph and a photographic 
refractor# or a so-called noraal astrograph. The normal astro- 
graph with two objectives, a photographic (D * 330 mm. f = 350 
cm) and a visual (0 s 250 mm, f = 360 cm), was established at 
Pulkovo in the Summer of 1893 • The optics of this instrument 
were manufactured by the brothers Henry in Paris, and the nechan- 
ical parts by the Repsold firm, kp the beginning the astrograph 
operated under the direction of Belopol'skii, and after 1895 
under the direction of Kostinskil. 

w 

A. A. Belopol'skii made the spectral observations by means 
of the 30-inch refractor, transferred to his complete direction 
with the departure of H. Struve. In It. 35 Belopol'skii began the 
implementation of an extensive program of observatiors of radial 
velocities of sU'xrs, the Sun, planets and comets. It is possible 
to measure velocities of stars along the line of sighx from the 
displacement of lines in their spectra, in comparison with lines 
in the spectrum of a stationary light source 1 displacement to 
the red side signifies a receding source (positive velocities); 
displacement to the violet side, approaching sources (negative 
velocities). If the celestial object is aot a star, rather, the 
Sun or a planet, the slit of the spectrograph can be placed at 
the edge of such an object to obtain evidence concerning the 
velocity of its rotation. In the foundation of the measurement 
of radial velocities lies a principle for oscillatory processes 



3 ^ 


in acoustics and optics* formulated in 1842 by the Austrian 
physicist and astronomer Christian Dopoler. 

According to Doppler* the frequency of oscillation detected 
by the observer from the source of sound or light depends on the 
relative velocity and the direction of motion of the observer and 
the source of oscxllationt with their aocroach the detected fx'e- 
quency is increased i with recession it is decreased. On this 
basis Doppler unsuccessfully tried to explain in part the observed 
differences in color of c.ie components (comprising) double stars. 
Independently from Dopoler* the French physicist H. Piseau dis- 
covered the very same princi ?le for optical chencmena in 1848. 

Beth arrived at this conclusion as a result of theoretical argu- 
ments. True* for sonant rhenomena the validity of the principle 
is easily verified by experiment* even simply by ear. With the 
inclusion of spectral analysis into astronomy* the principle of 
Door''er-Pizeau v/as accepted unc'^nditionelly.* 

A. A. Belopol'skii proposed an experimental verification of 
this or’nc’ole a^ain in 1894* but he carried it cut in 1900. The 
preat exactness of Pulkovo astronomers if reoerted in the very 
execution of the exoeriment* in relation to the authenticity and 
nreelsion of the results obtained. 

The idea of Belopcl* skii' s experiment was sim 'le, bun the 


•One of the most im.-rrtant controversies in nodern astron-'ny 
concerns the red shifts of quasars* which may not be due to their 
receding at veloci*’es ccmcarable to the soeed cf light, as the 
Don ler orinc: ^le would imcly. (Tr. note) 
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difficulties in the inclementation were substantial* if we bear 
in mind the eroraous velocity of li^t, the frequency ofoscilli- 
.on (or the wavelen^h)* irtiich is to change by means of the 
reflection of the stellar velocity* i. e.* a velocity of order 
20 km/sec* In any case Belopol*skii first conducted this ezperi- 
ment. Later on* B* 3. Golitsyn* a Russian physicist and seis- 
noloeist* founder of the seismolog^cal station at Pulkovo (I 906 )* 
carried out a more precise determination of the experiment. 

Successfully having carried out the experiment; Belopol'skii 
continued spectroscopic observations with renewed energy. The 
optics of the 33-inch refractor were meant for visual observa- 
tions* and the displacements of spectral lines were determined 
from photographs. In order to adapt the instrument for photo- 
araohic observations Belopol'skii ordered a special correction 
plate* the adoption of which allowed him to extend the length 
of the spectrum and noticeably expand the investigated region 
on both sides* in the red and violet. Belopol'skii achieved a 
great result in relation to accuracy of determination of radial 
velr'C’tiesi as at other observatories* for example Potsdam (Ger- 
many) and Kc’srard (USA)* already having made a considerable test 
of the observations* he determined velocities with errors of 
+ 2.6 km/sec * which amounts to approximately 10 ^ of the observed 
stellar velocities. In this way he did much in the way of the 
elaboration of methods of determination of radial velocities and 
was one of the pioneers in this field. 

Belopol'skii selected about 200 stars from 2k to 4th magni- 
tude for an investigation of the Sun's motion in space with a 
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statistical nethodi^ According to the neasure of increase of 
stars observed by him* he placed among them many spectroscooic 
double stars, having numbered then in small quantity, but the 
imoortant role of «diich was already fully realised. Like visual 
binaries, spectroscopic binary stars furnish information concern* 
ing the masses of their components (making up the stars), rota- 
ting one relative to the other according to the ackion of mutual 
eravity. The ap''lication of the law of gravity to the study of 
the orbits of these bodies allows the determination of their 
masses. But spectroscopic binaury stars display themselves inde- 
pendent of distance, vdiich is why. only thanks to their existe.'ce. 

4 

do the masses of more distant stars become known. 

3 

It is possible to compute, in a rough aporoximation. that 
stars move in different directions with velocities approximately 
the same in magnitude. If. on that assumption a systematical 
deviation toward some direction with a determined magnitude is 
observed in the measured (radial or catalog proper) velocities 
of stars, this signifies the motion of the solar system not only 
in the opcosite direction, but with the same magnitude of velocity. 

^If a double star (implying a pair of stars, physically con- 
nected to them? ilves thanks to mutual attraction) is seperated 
into components with the help of a telescope, then it would be 
called a visual binary, even in an instance when the most powerful 
telescopes ad' t nhotograohy for the seperation. Just visual 
binaries were the tonic of study of Pulkovo astronomers until 
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Beginning in 1892 Beloool'ekli failed to see a single cut* 
burst of norae* the spectra of which he studied during the ertent 
of the period of Bininun luainosity* vrtiile the observations were 
accessible to the instruaent. Bspecially of interest was the 
discowery of periodical changes of radial wblocity in wariable 
stars of a special fanily* the so-called Ce^dieids. At the begin- 
ning Belopol'skii hinself included then ancng double stars, but 
the Moscow professor N. A. Unow* fomerly one of the opoonents 
of Belopcl'skii for the defense of his doctoral dissertation in 
1896. expressed an idea concerning the pulsation of Ceoheids* 

This idea later on was coapletely confined by both theories of 
ohenoaena and subsequent observations. In 1912 Belopcl'skii 
susoected a change of the intensity of the spectral lines in 
Ceoheids. and in 19^3 his stx;^ent I. N.Lehaan confined this 
variation idiich confined the idea of pulsation. 

After twenty-five years of observations with the 30-inch 
refrrctor. A. A. Belopol'skii had obtained a thousarKl spectro- 
grams of stars, the Sun and other bodies of the solar system. 

He devoted much attention to the study of the rotation of olanets, 
the ohysics of cnets and their tails. On the basis of ar. inves- 
tigation of the rotation of the rings of Saturn he established 


the ao-earance of astrophysical methods. Astrophysics cle-srly 
defined the concent of photometric binar/es and spectroscooic 
binary stars. Those and many others still cannot be separated 
with telescopes. 
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in 1895 *^46 aeteoric character of their structure, iriiieh ccaes 
across in accord with the aatheaatical thecry of the stability 
of the rini?8» elaborated by S. Kowalevsikaia* 

The works of Belopol'skii achieved wide recoi^tion. In 
1903 the Petersburg Acadeoy of Sciences elected hia an extra- 
ordinary* and in I 906 an ordinary* acadeaician. In 1907 the 
Italian Society of Spectroscooists chose hia as a aeaber. and 
in 1910 ttie Royal Astror.onieal Society (in London) chose hia 
as a neaber-ocrrespondentt in 1908 the Paris Acadeay of Sciences 
awarded hia the gold aedal of Janssen.^ The Russian Astronraical 
Society awarded hia aany honors. In 19 O 8 the Acadeicy of Sciences 
elected Belopol'skii to the post of vice director of Pulkovo 
Observatory. But the events just described took place far froa 
the liaits of the "epoch of Bredikhin.” 

In a nuaber of astronoaical endeavors of F. A. Bredikhin 
the agreement between Pulkovo Astronoaical Observatory and the 
Magnetic Observatory at Pavlovsk, concerning the simultaneous 
observations cf magnetic storms and special phenomena on the 
Sun's disk* deserves mention. The performances of such obser- 
vations were conducted in 1892; they confronted difficulties of 

5j. Janssen (1824-1907) was a French astronomer ard one of 
the founders of soectroscopic analysis. In 1868 (a month earlier 
than N. Lockyer) he devised a spectral method of observation of 
solar orominences outside of eclipsei and in 1870 devexoped the 
method of quantitative soectral analysis. 
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an adain?8trative nature* which reCTetfully they did not attenot 
to overenae* In the observations there are definite im'licati'>n8 
for the existence of a correlation of nagnetic storms and the 
Aurora Borealis with the passage of a group of spots across the 
central meridian of the Sun. It is possible they mieht have 
achieved the establishment of a purooseful “solar service," the 
or’cin of which at Pulkovo was associated with the systematic 
observations of the Sun by means of a photohel'-ograph* which 
was made by Hasselberg and Belopol'okii from 1881 to 1895* 
solar service was finally formulated at Pulkovo in 1932. 

Other observations of an unorthodox nature point towards 
the notion of a latitude service, »rtiich almost from the start 
was maintained at Pulkovo. In 1888 P. Kustner in Genaar>y estab- 
lished the fact of the change of latitude of several European 
observatories* which could only be understood having allowed 
motion of the Earth's polss. The verification of this assump- 
tion by means of the organization of latitude observations in 
Eurone and at the Hawaiian Islanls in 1891-1892 confirmed it. 
Besides that we remember that the Pulkovo astronomers F. Peters 
and M. 0. N y ren both closely aporoached the discovery of lati- 
tude changes from materials of their own obser-vations. Acknow- 
ledging that the matter was concluded with the change of latitude 
of Pulkovo* they unsuccessfully attempted to corroborate the 
305 day period of oscillation of the pole predicted by L. Euler 
(ca. 1765). Such a period in general was not found. 

The American astronomer S. Chandler showed in 1891 » on the 
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basis of an analysis of a large quantity of observations (about 
30»000)» that in the displacement of the Earth's poles there 
exist two oeriods- a yearly and a 14 month* or 42d day period* 
which received the name Chandler period. S. Newcomb explained 
the discreoancy from the Euler period by the fact that in his 
theory Euler started from a representation of the Earth as an 
absolutely solid body. In fact the phenomenon depends on a 
non-solid Earth core* the presence of the oceans on the surface 
and the atmosphere around the Earth* and even on the seasonal 
shifts of air masses* snow covers* etc.* that produce the cycli- 
cal chances of the planet's moment of inertia and the position 
of the axis of rotation inside its body. 

In this way the oscillations ol the axis of rotation of the 
Earth are manifosted in the oscillatory motions of the Earth's 
Doles* which "trace" irregular soiral-looking curves in the boun- 
daries of a square with a side of 22 meters (or 0"?)* influencing 
their disolacements over the whole coordinate grid and especially 
for sreograohical latitude, being measured from the equator (or 
at the ooles, which is equivalent because the equator can be 
determined as the ceoraetric locus of points equidistant from the 
ooles). Nevertheless, all this wt-s understood after a great 
number* and a continued span of observations* and also as a rosult 
of serious theore+ical investigations. 

In 1891* after the discovery of Kustner, S. K. Kostinskii 
becan latitude observations at Pulkovo by means of the transit 
instrument on the pr’me vertical. Other observers continued 
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those observations till 1911* periodically publishing the results. 
Also in 1891 • I. E« Kortazz/ at Nikolaev mdde a determination of 
latitude by means of a portable verticle circle. Simultaneously* 
a thorough reduction of o^evious groups of Pulkovo observations 
on the large transit instrument and the vertical circle was ui^er- 
taken and important theoretical investigations were carried out 
(A. P. Sokolov, N. 0. Nyren* and A. A. Ivanov). Analogous ob- 
servations and investigations were conducted by ether European 
observatories . 

With the result of all these works appeared the organization 
in 1898 of the International Latitude Service, which from the 
next year established six stations (later on only five), arranged 
on one oarallel (39® 8*), but scattered over different longitudes, 
in order to be able to make an accurate map of the motion of the 
pole from changes of latitude being observed at these stations. 

In 1899 the Russian station of the International Latitude Service 
beaan to function at CHardzhou (in 1930 the station was moved to 
Kitab, where it operates even now) . The motion of the poles is 
irreerular; it defies description by mathematical frirnulas, but 
as it is influenced by the accuracy of astronomical observations 
and ffeodesic determinations, the marked importance of uninterrupted 
surveys of coordinates of the pole, or latitude surveys, remains. 

At Pulkovo, besides regular latitude observat ons with the 
transit instrument on the orime vertical, which were carried out 
from 1891 to 1911 » in 1904 a zenith telescope (D = 135 f = 175 
cm), manufactured by the Pulkovo mechanic G. A. Freiberg, was 
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established for oT?jectlve of a continuous latitude survey* 
This instruaent functions even now* exhibiting a standard 
of orecision in the skillful hands of several generations of 
observers* 
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THE EXPANSION OP PROGRAMS OF INVESTIGATION 

Declining health* "greatly disproportionate to an ardent 
and diligent attitude toward business*" eoapelled P. A. Bredikhin 
to leave the post of director. In April of 1895 0. A. Baklund 
(1346*1916)* who was not an absolutely new person at Pulkovo* 
assumed control of the observatoryt from 1879 to 1887 he worked 
as an adjjuTKit-astrononer at the observatory. Some time later* 
after his election as an acadenician in 1883* he left the obser- 
vatory with the intent of devoting himseli to theoretical pur- 
suits. He devoted alaost his whole life to an investigation of 
the irregularities in the notion of Encke's Cornel* the cause of 
which nany theoreticians tried to elucidate since the tine of 
its discovery by Pons in 1818* but they have not succeeded even 
yet. This comet has now received the designation Comet Encke- 
Baklund.^ Although the area of scientific interests of Baklund 
lay severally on the side of basic directions of activity at 
Pulkovo Observatory* his knowledge* energy and administrative 
talent promoted the successful development of the observatory's 
work. 

The activity of Baklund at the post of director seemed a 
direct continuation of the activity of Bredikhin. Basically* 
Bredikhin only exhibited skill in a number of reforms at the 

^At Pulkovo* before 0. A. Baklund* H. Gylden and E. Asten 
devoted themselves to the theoretical protlem Comet Encke. 
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observatory* and the realisation of thea fell to Baklund's lot. 
But the "epoch of Baklund* has its own boundaries. 

First of all 0. A. Baklund hinself iaplemented a highly 
controversial arrangeaent for that tiaet froa 1895 he began to 
invite to c(»putational work a nuaber of women having finished 
the Higher Bestushev women* s courses in the aatheaatics section. 
CoiKserning the determination of then in state service* i,.e.» 
concerning being put on the staff* it was out of the question* 
pay for work was set up by the job, without the right to a pen- 
sion. Ever the special collaboration of the president of the 

Academy of Sciences did not allow "official rights" of the ob- 

2 

servatory*s women colleagues to be gained. Three of the first 
women colleagues having maintained a bond with the observatory 
till the end of their lives were M. V. ZHilova, £. P. Milorado- 

2 

Those having finished the Bestuzhev courses acquired the 
right of teaching in women's intermediary educational institu- 
tions, but to obtain a position was difficult. In 1895 Baklund 
invited two women to work at Pulkovo (M. A. Brcnskaia and M. V. 
ZH.'lova), and in 1909 the number of women trained for computa- 
tions and the processing of observations reached 14 (with a 
constant scientific staff of 18 people). Obviously, for that, 
in order to veil the true position of the matter, the director, 
in his report to the Committee of the Observatory, dispersed the 
mentioning of temporary women colleagues throughout the whole 
reoort. In 1897 the works of Pulkovo women collaborators began 
to be published in the transactions of the State Astronomical 
Society. 
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vicht and S. V. Voroshilova (Ronanskaia) . 

0. A. Baklund obtained an increase of staff and the col- 
leainies* rates of pay in July of 1909 » and even the essential 
increase of allocations for scientific and economic needs. For 
this it was often necessary for him to complain in reports and 
other official documents of the deficiency of means which did 
not provide for the expansion of worki "Observatories in Germany* 
France* and especially in America have achieved such development 
that our observatory has to strain every nerve in order to occupy 
a proper place in line with them."-' 

Of special merit of 0. A. Baklund it follows to discuss the 
organization of the branches of Pulkovo Observatory in southern 
states- in Nikolaev and Simeiz. The geographic position of the 
observatory did not favor the development of many projects* there- 
fore the question concerning the organization of a southern branch 
was brought uo by Baklund at the very beginning of his activity 
at the post of director. Thanks to his oersistence at the pro- 
jected task* already in 1900 a branch came into existence at 
Odessa, where* under the leadership of A. R. Obinskii* observa- 
tions wc made by means of a transit instrument and a vertical 
circle with an observance of the fundamental principles of Pul- 
kovo astrometry. The northern position of Pulkovo allowed stars 
to 10° south declination to be successfully observed; observations 
at Odessa allowed the determination of stellar coordinates with 


^Report to the Committee of the Observatory for 1899-1900 
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declinations to -30^ • Stars of this zone have a significance 
for the reliable determination of the celestial equator and the 
point of the vernal equinox* which establish the system of use. 
Besides that* observations of southern stars were important for 
the construction of a uniform catalog of stellar positions over 
the whole sky. The idea concerning the construction of such a 
catalog occupied Baklund in the course- >of the whole period of 
his directorship. 

Observations at Odessa continued from I901 to 1910. They 
showed the possibility of preserving a precision of results 
with the soread of Pulkovo methods to southern observatories. 

The Odessa branch was situated on the grounds of the Novorossii- 
skaia University. The question concerning the purchase of its 
own land* formerly then vital* suddenly dissolved, thanks to 
a proDosal of the Naval Departmen to transfer the Nikolaev 
Naval Observatory, founded in 1821, to Pulkovo Observatory. 

In May of I909 the Pulkovo astronomer B. P. Osta^henko-Kudriav- 
tsev left for the management of the observatory at Nikolaev. 
However, the final registration of the Nikolaev branch was 
delayed in higher circles. 

Almost simultaneously with this, in I9O8 Pulkovo Observa- 
tory achieved the possibility of establishing a branch at Simeiz 
(Crimea) on the grounds of a small private observatory. The 
initiative of the building of the Simeiz branch belonged to A. 

P. Ganskii (1870-1908). He carried on negotiations with the 
owner of the observatory, N. S. Mal'tsev, concerning the use 
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of it for scientific purposes. Mal'tsev expressed the desire 
to transfer his otservatory to Pulkovo as a gift, together -ith 
the land, buildings fc,.d iustruments. The notarial registration 
of the transfer took place on 1? (30) November 1908, after the 
tragic death of Ganskii, who drowned while swimming in the Black 
Sea. 

The law concerning the establishment of the branches of 
Pulkovo Observatory at Nikolaev and Simeiz was only passed in 
1912. Together with this, staffs of the branches (four people 
for Nikolaev and two for Simeiz), the allocation for their 
maintenance, and the ordering of additional equipment was organ- 
ized. N. S. Mal’tsev thought to estab] Ish the Simeiz observa- 
tory as an astrophysical one, and it preservea that character. 

As before, the Nikolaev observatory remained astrometrical. In 
1912, in accord with this, an order from the firm of Grubb (Eng- 
land) for the construction of two large instruments was madei 
a 32-inch refractor for Nikolaev and a 40-inch reflector for 
Simeiz . 

The volume of work at Pulkovo jind increased everywhere. 

With an .precedentedly fast teiiipo observations were made for 

the next (after 1885) cataxoge cf s>bfc.olute right ascensions and 

4 

declinations of stars for the epoch 1905.O. The following 

^As far as the coordinaie system in which the determinations 
of stellar posivxons are made, does not remain fixed, every 
catalog is characterize'^ by ’ its ov e epoch" - the epoch of 
creation (of observations). 
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catalosrs were suooosed to be for the epoch 1925»0 (actually the 
cataiors wore created for the epoch 1930.0). But Baklund* be- 
sides t*" 't, organized observations with ato« :te methods for 

extensive intermediate catalogs t the catalog of 1900 contained 
1213 stars from 5th to 7th magnitude and the catalog of 1915 
contained I631 stars of Baklund-Hoff ' s list (the absolute cata- 
xoes of 1930 contained only 558 fundamental stars). Paint stars 
apoearing for the first time in the catalogs allowed the pre- 
cision of observations to be increased, in comparison with the 
brighter fundamental stars 1 besides that, they could be used 
for a “link" to nlates with astrophotogra'^hlc determinations. 
Preciely in this period astrophotocraohic works received a 
wide development. 

The second intermediate catalo;. was created as a result of 
an international affreement passed in 1909 in Paris at the Fifth 
Congress for Mapping the Skv.^ For works to a compilation of Hie. 

5ln 1887 the First International Congress for Astrophctc- 
eraohy, in which from Pulh,..vo 0. Struve and B. Hasselberg oar- 
tic i Dated, approved ' decision concerning the compilation of a 
oh'^toeraohic map of .-he sky and an accompanying catalog. In 
the w-'rk, accordant, t;h‘>ir membership, the participation of 
21 observatpr^ es cf ii^ferent countries was assumed. The phcto- 
£T’"a hic atlas, including all stars to 15th magnitude, was supposed 
tr be made up -'rom 22,000 lists. The work is still unfinished. 
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phctoeraphlc Carte du Ciel . fundamental determinations of 
coordinates of a laree number of stars, uniformly distributed 
over the entire sky* were required! on the average one star 
for every 25 square degrees. The list of stars in the worthern 
sky (to declination -30^) was proposed by Baklund. resulting 
from the I 900 catalog with at. aooendix of stars having been 
observed at the Odessa branch. This list was accepted with a 
few chanees. The list of stars of the southern sky was com riled 
by S. Hoff, director of the Cape Observatory (Cape of Good Hope). 
?or tiie implementation of general programs of observations S. 

Hoff visited Pulkovo in May of 1909* a month later, with the 
same ourpos^. the American astronomer L. doss, an important 
soecialist in the compilation of fundamental stellar catalogs, 
came to Pulkovo. So arose the list of Baklund-Hoff. which 
olayei an imoortant role in astronomy. The cateilog 1915 
was out toffether on the basis of observations at the Pulkovo 
and Nik'^laev branches - 

Just as extensive as for absolute observations were programs 
of differential determinations of stellar coordinates. As already 
said, W. Struve envisioned the inoleme'^tat. jn at Pulkovo noTonly 
of absolute, but also of relative, observations. However, his 
proffram of observations with the meridian circle was not carried 
out. After a significant curtailment of it, observatior.s for a 
cataloe of only 35^2 stars for the epoch 1855*0 were finished in 
IB 69 (oublished in 1889)* Five observers participated in its 
oreaticn. A subsequent cataloc of 5^3^ stars for the eo^ch 
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1875 »0 **as created with the weric of only o'»e observer, H. 

Somherc, who aade over reservations in the years 18?4- 

16**o. He nade oh^ci-vf.-.ions (about 3^,530 in number) for a 

catalog of slars for the epoch 18B5»0, processed ^nd cre- 

— 

:»ared for crirtir? by lA. N> Ze’bot (they were nublished in 1909) • 
In 1896 the meridian circle observers N« P. Dichenko and 
A. S. Vasil* ev beean the reebservatien of 8834 stars from the 
csta’oe of Schjellerup^ in the zone of declination from tc 

O 

-I 5 • Their observations were processed by Zelbot and were 
oubl’shed in the form cf a catalog of 4301 stars for the epoch 
1900.0. The observations were continued by M. N. iiorir. and A. 

A. Kondrat'ev and were finished in 1909* The prccessing of all 
observational material was only completed by V* V. Serafinov in 
193‘'» Havine finished the reebservati-rns of Schjellerup’s catalog, 
these observers nroceeded to a great new work, connected with 
the r*inrar>hic Carte du Ciel (the observation of 3396 reference 
stars cf the Hels’nrfcrs zone). 

A substantial modernization of the large transit instrument 
and the meridian circ' oreceded the observations frr the extensive 

^Ch. Schiellerup (1827-19S?) was a Danish astron.-nsr. The 
reebservatien of his catalog cf 1865 , containing equatorial stars, 
h s a sreat signif icance, in oarticular for the determination of 
*:he c''P.stant cf cr*=‘cis!cn. This was icne b lA. a. Gordon in 
1950 on the basis of a comparisori of the catalogs of Schjellerup 
arc Mcrin-Kondrat* ev. 
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procraas (since 1897 the re^sterlnas of stellar transits were 
produced by aeans of an *iapersonal :=icr'»eter'' ) • and also a 
basic chanse of aethod of observation on the vertical circle 
(1911) vas iaoleaented. 

An iaoortant result for the increase of precision in the 

deterainations of declinations were the works of 0. A* Ba>lund 

and I. V. Bonsdorf on a study of the idienoaenon of lefrccticn, 

which was given special attention since the tiae of the obser* 

vatory's founding* The reduction of observations on a vertical 

circle directed H. Gylden to the creation in the 1860*s of a 

theory of astronoaical refraction* on the bs^sis of which A* I* 

Groaadzskii built the Pulkovo tables of refraction* published 

in 1870. These tables* republished without changes in 1905 and 

1930 * achieved a wide distribution! for the fourth oublication 

in 1956 the tables were redone by B. A. Crlov. Thanks to the 

work of Bonsdorf arose the concept of local refraction* which 

7 

at once olayed an iaoortant role. 

Works of an astrophysical nature dis-layed theaselves with 
such coapleteness* that they oeraitted the allocations and 

^The refraction of light with its passage through the terres 
trial atmosphere makes uc the principal part of astronomical re- 
fraction. Besides that* with the differences of temperatures 
outside and inside the dome* in which the instrument is situated 
liffht exoeriences an additional refraction* called local refrac- 
tion* with its entry into the dome. It also enters into the ore 
c is ion of observations but does not lend itself to calculation. 
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the set of instrvsients of the observatory- Besides the works 
Of A. A- Belopol'skli* the astrophysicist on the job, and 
according to che character of his investigations, it follows 
before all to dwell on the works of A. P. Ganskii, irtio joined 
the observatory's staff only in 1905 at the post of additional 
ad junct-astrononer. but actually associated hlKseli* with the 
observatory 8-10 years earlier as a I'onaal aenber- 

In soite of the relatively short span of his scientific 
activity. Ganskii left a deep iapression in astrophysics and 
by right ranks with a nuaber or distinguished Russisuri astro- 
n<Miiera. He participated in three distant expet'.itions for the 
observation of total solar eclipses..^ was a participant at the 
Spitsbergen expedition, which was headed up by 0. A. Baklund 
froa Pulkovo- A. P- Canskli organised auri led an expedition 
to Spain for the observation of the solar eclipse of 17 (30) 
August 1905 * He ascended in balloons several tiaes and repeat- 
edly scaled Kont Blanc for the execution of astrophysical obser- 
vations. Ganskii deteralned the dependence of the appearance 
of the solar corona on the quantity of sunspots and predicted 
the form of the corona in 19OO. This work is often referred 
to even now. He studied solar granulation (the "grainy texture" 
of the solar ohotosohere. observable when projected on a screen 
w: th good images or in photographs of high quality), the motions 
and lifetimes of existence of th? granules. His photographs of 
sunspots and granulation, obtained at Pulkovo by means of the 
normal astrograph with an enlarging camera, have long re’iained 
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iiiisur passed in quality. 

Together with A. P. (ranskli* G. A. Tilchov (1875-1960) • a 
well-known investigator of Mars and a steadfast advocate of the 
hypothesis of life on it» began his work at Pulkovo." Tikhov* 
already having aistinguished himself in astrophysics, was put 
on the staff of Pulkovo Observatory in 1906. He received for 
nis supervision the so-called BrediUiin astrograph* a gift of 
P. A. Bredikhin. This splendid instrument (D = 170 am. f s 80 
cm) was used in the Spanish expedition of 1905* and after its 
return to Pulkovo was utilised by Tikhov for photometric obser- 
vaxions with filters. 

Eclipsiiig variable stars were an object of observation 
which were uhotograohed in different colors (through different 
filters). The purpose of the observations had to do with the 
search for the cosnlc dispersion of light* or the difference 
of velocity of diffusion of light in space for different wave- 
lengths. If such exists* then* with the observation of the 
beginning and end of eclipses of eclipsing binary stars* the 
disnlacement for different rays must be registered them in 
blue light the eclipse must ensue later than in the red* which 
comolics with the lesser (pha^e) velocity of diffusion for blue 

8 

In his autobiographical narrative *G. A. Tikhov. Sixty- 
Years at the Telescope . Kcscow, 1959) it is possible to come 
across much of interest concerning his ow'^ works and the acti • 
vities at Pulkovo Observatory, especially at the beginnina cf 
the twentieth century. 
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lieht (the normal disrerslon of liaht). Tikhcv actually observed 
the effect suspectea by him* Almost simultaneously with him* the 
French astron''ner Nordmann observed the s&se phenomenon for 
ecliosing variable stars. The phenomenon received the name of 
the Tikhov-Ncrdmann effect. But it was still not the discovery 
of the cosmic disoersion of light* which we would say concerns 
the presence of the interstellar nediumt in 1909 ohencmena were 

rs *- 

registered by S. I. Beliavskii at r^imeis, and as a result by 
other observers, which were the reverse of the Tikhcv-I.'ordmann 
effect, which contradicted “normal dis’>ersion." In the same 
year of 1909 the renowned Russian physicist F. N. Lebedev attri- 
buted these ef-^ects to properties of *:he stellar atmospheres 
enveloping- close binaries; the Soviet ystronomer E. P. Kustel* 
in 193^ arave a new intercretaticn of the heromenen. However, 
the Tikhov-N’ordmann effect has hardly received a final explana- 
tion.^ 


The member-correspondent of the Academy of Sciences of 
the USSR 0. A. Mel'nikov thought that the cosmic disoersion of 
light, although negligible, had tc exist, as far as interstellar 
selective abscrrrtion cf li?ht is observed, which testifies to 
the oresence cf, say, interstellar calcium. In G. A. Tikhcv' s 
and A. A. Balennl’skii's work rf that oeriod the icancs 

of the cosmic dlsoersior. was overestimated. 



57 


At the time of the great opposition of Mars in 1909 G. A. 
Tikhov photographed it through filters, utilising the 30-inch 
refractor. On the basis of a study of approximately 1000 
photographs of Mars Tikhov concluded that the polar caps on 
Mars vere inade up of frozen water (snow and ice)* its famous 
"canals" had the ®^.me color as "seas"* which over a long time 
were said to be the places of vegetation. This point of view 
is not accepted now* but is not completely repudiated. Tikhov 
discovered the resemblance of optical characteristics of the 
atmospheres of the Barth and Mars. Althou^ this work repre- 
sents his first step in the study of Mars* it was carried out 
at an advanced level and has important consequences. 

Photography was adapted to astrometry with great success* 
With the Installation of the normal astrograph at Pulkovo A, A. 
Beloool’skii produced photograph of different objects by means 
of iti star clusters, nebulae, the moons of Mars, etc. Beginning 
in 1895 plans for the instrument were being made by S. K. Kos- 
t^nskii (I 867 -I 936 ), one of the founders of photographic astro- 
metry. In 1895 he set out on a foreign mission for a detailed 
familiarization with the experiment of photographic observations 
of stars. He passed several weeks at Potsdam with J. jtheiner, 
a well-known astrospectrosconist, then he familiarized himself 
with the methods of the Dutch astronomer J. Kapteyn. After his 
return to Pulkovo Kostinskii carried on a large program of 
work with a persoective several decades ahead of the times. 

iir -t of all an oxtensWe series of photograohs of Ju 'iter's 
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moons was obtained for a study of their motion. P. F. Renz 
carried out the processing of the observations with the addi- 
tional Helsingfors plates* the precision of the photographic 
results surpassing the precision of visual measurements with 
micrometers on large refractors. For this work the Academy of 
Sciences awarded Rent a gold medal. 

The measurement of the satellites of planets led to the 
discovery of an effect which was thoroughly investigated in 
1906 by S. K. Kostinskii on photographs of double stars and 
artificial stellar representations. The phenomenon has to do 
with the fact that with two very close images on a photographic 
plate it is as if the larger one pushes away its neighboring 
image* less according to size* the displacement being stronger* 
the closer the Images are situated to each other. This phenome- 
non received the name of the Koi-cfnskii effect. Subsequently* 
the reverse effect was discovered. Having to do with the 
"attraction" of iwages. The chhrasL-r of ths phenomenon depends 
on many factors* in particular on the method of development. 

In any case, this effect necessarily influences the measurement 
of an accurate seperation of very close objects on a photo- 
a.'aohic plate. 

The satellites of the more distant planets (Saturn* Uranus* 

Neotune) also were objects of observations. Neotune* with its 

10 

satellite Triton* was observed by Kostinskii from 1899 to 1920* 
^®The second satellite of Neptune* having received the name 
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Saturn Aron I906 to 1920 (over 100 plates of each planet). 

Uranus was situated at a position unfavorable for Pulkovo* and 
Kostinskii only obtained the first successful plates of its 
satellites in 1919 > Photography of the large planets have a 
significance not only for the study of the motion of their 
satellites* but alsc for a more precise determination of the 
orbital elements of the planets themselves. As far as the 
periods of revolution of the distant planets are great (for 
Neptune the period of revolution about the Sun is I65 years)* 
photographs of these planets* in the represen wation of points 
against the background of stars* gain a special importance 
with the increase of the spans of time of their accumulation. 
Therefore* the photography of the distant planets of the s'^lar 
system- Uranus, Neptune, and Pluto, discovered in 1930* con- 
tinues at Pulkovo at the present time. 

The program of observations of planets became prolonged. 
Prolonffed* according to plan* was also the progreun of determina- 
tion of the Earth’s own motions. To photograph the whole sky 
with one instrument would be an inconceivable task. This 
apparently* though, would be of the volume of work for the 
international Can:e du Ciel . Needless to say, the photographing 
of the sky for this purpose at Pulkovo was not carried out. 


Nereid, was discovered by the American astronomer G. Kuiper in 
19^9* Remaining very faint (19™5)* this satellite is not at all 
visible on Pulkovo photoaraphs. 
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For the Caite du . Ciel Pulkovo Observatory made fundamental 
deteminationa of the coordinates of reference stars. Kostin- 
skli*s plan was the no less grandiose and no less interesting 
plan.- than that su^^sted by Kapteyn in 1906. The idea of 
Kapteyn's plan consisted in an objective not to study the whole 
immense stellar universe* rather* to organise 206 selected areas* 
distributed everywhere on the sky, and for stars situated in 
the selected areas* to obtain as far as possible more complete 
datas i>aral}.axes (distances), proper motions* stellar magnitudes, 
colors* etc. 

In order to determine the proper motions of the stars in a 
selected area with the photograohic method* it is necessary to 
have two plates of the selected region of the sky with a differ- 
ence of epochs no less than 20 years. Of course* both plates 
must be obtained with the same astrcgraph with identical or 
very similar conditions of observations.^^ For example* the 
plates must be taken on approximately the same calendar date: 
if a jhotograph is to be produced in a different time of the 
year* then annual parallax influences the stellar positions* 


Generally speaking* for the determination of prooer motions 
of stars plates taken with different instruments can be used, 
but then the reduction of the observations is significantly com- 
olicated, and the accuracy of the results is diminished. Such 
hanoens with the non-observance of identical conditions of 


obse’^vation 
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^.e.» nearby stars are displaced on the plates because of the 
motion of the Barth in its orbit* But in the given example we 
are not interested in the annual parallactic displacements* 
rather* in the proper displacements of stars on the sky in 
their projections onto the photographic pl^te. True* these 
again are not properly proper" (peculiar) stellar motions t as 
with "catalog proper motions*" here the motion of the solar 
system* or* the parallactic secular displacement of the stellar 
positions* does not perceptively enter. Only having been freed 
from it* is it possible to obtain peculiar proper motions in 
the projection on the celestial sphere. 

To take into consideration the motions of the Earth is now 
done as with fundamental determinations. When for determinations 
of stellar proper motions plates with a time span between them 
of 20-30 years are obtained* but at the same time of year, then 
with this it is as if they eliminate the motion of the Earth 
about the Sun; however, precession* nutation, and other motions 
remain. Therefore, the measurements and processing of photo- 
eraohic plates stipulates the "reduction of observations," i«e., 
the liberation of them from different distorting factors (the 
motion of the Earth* instrumental errors, atmospheric refraction, 
the difference of luminosity of the stars). Kostinskii worked 
out the method of measurement and of processing of astronomical 
negatives in detail and improved the formulas of reduction. 

sj 

In the accomolishmen.t of his prc'^raun S. K. Kostinskii photo- 
graohed selected areas of the sky and obtained "first epoch" 
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plates for the determination of proper motions of stars. He 
was founder of the Pulkovo "glass photo library," or "plate 
library," as it was more often called, which rendered an incal- 
culable service to subsequent generations of astronomers. Having 
done the "second epoch" plates, students of Kostinskii achieved 
the Dossibillty to determine proper motions of stars. 

However, Kostinskii already was able to make a number of 
conclusions himself. It concerns the determination of stellar 
parallaxes. As is evident from previous discussions, for the 
determination c. uhe so-called trigonometric parallaxes it is 
necessary to obtain plates of a part of the sky interesting to 
us with a time span of half a year. Usually, for ever: section 
not two, but three, plates are takeni the second six months 
after the first, the third a year after the first. Then every 
pair of successive plates will correspond to different positions 
of the Earth in its orbit, from which the stellar sky, generally 
sneaking, must look differently. But it looks idenxical, because 
the majority of stars are situated very far from us, and only 
the closest stars will put parallactic displacement to the test 
with the motion of the Earth about the Sun. Precisely for nearby 
st'^rs is there the hope to obtain parallaxes, and knowing the 
diameter of the Earth's orbit, it is already easy to compute 
the distance to a star with a known parallax. 

12 

The small angle (at the Earth) in an extremely drawn-out 
right angled triangle, one of the sides of which represents 
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^ As with the determination of stellar proper motions » so 
it is with the determination of parallaxes- the photographic 
method produces more accurate, and larger numbers of, observa- 
tions in comparison with fundamental methods of meridian obser- 
vations. No less a problem of determination of stellar paral- 
Isuces is one of the moat difficult i even for the clos#*^t stars 
the displ£tcement of them on photographic plates is minute, 
especially with a short focal length instrument. 

S. K. Kostinskii determined the parallaxes of greater than 
200 stars. True, in the majority of them the resultant paral- 
laxes turned out to be within the limits of observational error 
{+ 0503). This is explained by the insufficient focal length 
of the no’ jjpI astrograph, owing to which a long focus photo- 


the radius of the Earth's orbit, and the hypotenuse, the distance 
from the Sun to the star, is called the (trigonometric) stellar 
parallax. Even for very close stars this angle is less than 
one second of arc (for the nearest star- oC Centauri- it is 0S755. 
the accuracy of modern determinations of trigonometric parallaxes 
is 0?010). It is not possible to measure the parallaxes of 
distant stars with the direct trigonometric method; with the 
utilization of other (indirect) methods of distance ertimation 
the notions of spectral, dynamical, and other parallaxes are 
intrcluced. Often the word "parallax'* is used in that case 
when one is simply speaking of the distance to a celestial ob- 
ject. 
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ffraohic refractor with an objective dianeter of 32 inches (81 
cm) and a focal len^h of 10.? m was ordered. Besides that* 
the climatic condit'cns at Pulkovo hardly favor the determina- 
tion of parallaxes. Because of the white nights in the summer 
and the continuous cl'‘udy weather in the winter, significant 
oeriods were lost from photographic observatior.s. 

Astrophotceraohy olayed an important role in the wo~ks of 
the Simei* branch in the first 10-15 years of its activity. 
Accordinff to the in'tiative of Baklund, from the begi! ning of 
1912 Siticlz oarticlpated in the international prc-eraa cf obser- 
vations of minor planets, having taken on itself the task of 
systematic determination of the photographic path of coordinates 
ol 120 asteroids. The southern oosition of the branch favored 
the successful implementation of this task. In addition to 
that, the observers S. I. Beliavskii and G. N. Neuinin dis- 
covered aporoximetely 100 new asteroids and seven comets, six 
of the cornel discoveries going to .\euimin. This is a lot for 
o'^e a'troromer, and net without reaso’" was he called a "comet 
hunter." 

In the oeriod of his directorship 0. A. Baklund organized 
investiffatlons at the observatory in the area cf celeetia 
nec anics. and als-' for many tne'^retical problems of astrer-omy. 
B«sideo L .lund himself, serious theoretical investigations were 
imnle.ierted by A. A. Iva'^ov, u. TSeioel , and M. A. Vil'ev. 

Per rore than tv.enry y«'irs a iarse work for the determination 
of orb*-' and eohomeriaes (oalc';lj*ted noslfons) of minor ''lanets 



and short period conets was carried out (by K. V. SHilova* E. A« 
Males iaova* L* L. ’’4atkevieh and aany others). 

Havinfc finished the narrative -of the "epoch of Bredikhin*" 
it is necessary to aention the serious beg^nnin%. of the tiae 
transaission service. In 1912* at -'.he Paris conference on the 
questions of tine transaission by aeans of a radio telegraph* 

0. A. Baklund was chosen chairaan of the International CoBBittee 
on Tine. The transaission of tine signals by radio seeaed then 
a novelty* b<*t soon a^ter produced a radical change in the 
deteraination of longitude points on the terrestrial surface. 
Until this* differences of longitude were detemined with a 
aeans of conveyance from one point of another chronoaeter, 
keeo'ng ac .urate tiae* then for this purpose the wire telegraph 
was used. In 1914 a fundamental determination of the longitude 
difference of Pulkovo to Paris was undertaken with the help of 
radio. At first in Russia the transaission of acc .rate radio 
time signals was realized through the only equipped Petrocrad 
radio station. The beginning of the First World War interrupted 
this important work. 

On l6 (29) August 1916, while occupying the cost of obser- 
vatory director, 0. A. Baklund passed away. The leadership of 
the observatory was assumed by the vice-director A. A. Bolopol’- 
skii, chose" in Dece!r.her of the same year as director. In his 
reoort Belopol'skii summarized the activity of Baklund thuslyi 
"The developner:t of oersonnel strens-th of the observatory, the 
incre'jse of the number of colleaf^ues, the acquisition of new 
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imtruHents in accord with the notion of science forward* the 
creation of extensive theaes for the activity of the observatory* 
conbined scientific works with foreign establishaents* a constant 
unity with scholars of the whole world* and on the other hand* 
the orcanixation of an extensive investigation of the mysterious 
notion of Bncke's conet- all this preserves for hin the nane of 
proninent director and significant scholar.** 

Just words* a nerited appraisal. 
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POST>REVOLUTICNARY YEARS 

nie social events of 1917'1921» having awakened Russia and 
put her on a new* totally unknown path of political and econ> 
ouic developaent* could not pass over and did not pass over Pul- 
kovo Observatory. The point cannot be only concerning the daa- 

irtiich shrapnel inflicted on the buildings* having exploded 
over the observatory at the tiae ''f the events of 10-12 Noveaber 
1917 * That* which carried with its revolutionary achieveaent 
of this great year* penetrated the deep inside of not only the 
buildir^* but aore iaportantly- into the consciousness of the 
peoole. 

This happened* of course* not all at once. At first the 
old astronoaers* deservedly having enjoyed several privileges* 
feared for th^ir "modest comfort," especially when "new ideas, , 
erroneously informed population" Drought "lower service person- 
nel at the nbsfcrvatcry" t» the presentation of demands to the 
administr '^tion concerning the increase of pay and "concerning 
the objection of quarters at the place having been situated 
beneath ground level." Complaining to local powers* who supported 
these demands, the director of the observatory was obliged to 
satisfy them. But was it not the same director, assuming the 
cost, who wrote about the respect of every o^'-e of the colleagues 
for his comrades, among which there exist "no higher-ups or 
lower-downs"? Democracy revealed to him in words ic March of 
1917 was spread out with his business doings in March of 1919* 
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Not ashaaed of s(»e day being quoted* the director coaplainedt 
"The eientific activity of the observatory proceeded in the 
reoorted year in a serious conditioni the personnel were placed 
under the yoke of an inde terminate position* not persuaded 

how the new geverraent pro^^ides and supplies the means for the 
implementation of the tasks* provided to the institution witn 
previous epochs* 

Undoubtedly* the difficulties were immense* desperately 
needed repairs* insufficient fuel* strict rationing of elec« 
tricity* absence of transportation- all did not further the 
development of work* and "one must be amased that the scien- 
tific activity of the observatory did not sink to a minimum* 
the number of manuscripts submitted for publication, the number 
of scientific transactions* the intensity of observations 

p 

remained almost in the same state as in much better times," 
although the exhaustion of the reserves of photographic nlates, 
having been purchased abroad* necessarily curtailed some types 
of observations. Owing to starvation and exhaustion the scien- 
tific colleague B. A. Zemtsov, having returned from the armed 
forces, and chosen in 1918 for the post of scientific secretary, 
died orematurely on 2 November 1920. 

^Report for the Year 1918-1919* presented to the Committee 
of the Princioal Russian Astronomical Observatory at Pulkovo 
by its Director. Petrograd, 1919» PP* 

^ Ibid .. p. 5. 
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Hardships felx not only to the lot of “eternal science" 
vorkers. The whole country was tested by hardships, carry ina 
the burden of an imperialistic war and being subjected to for- 
eian intervertion. The scholars did everything in their power 
t-”' withstand all tests. In December of 1917* "with the permis- 
sion of the director," as a director of the observatory himself 
was assumed, an Astronomers Council was created at Pulkovo, to 
which in June of 1918 a general meeting of the Russian Academy 
of Sciences granted wide-ranging rights of governance of obser- 
vatories and the selection of all staff to vice-director inclu- 
sively. The director chose a special commission consisting of 
reoresentatives from the Astronomers Council and from the Academy 
of Sciences, under the chairmanship of its president. In June 
of 1919 A. A. Ivanov (1867-1939)* rector a d professor of the 
Petrofirad University, astronomer at Pulkovo from 1890 to I901, 
was chosen for the cost of observatory director. 

The Astronomers Council produced new staff of xhe observatory 
with a consideration of maximum gratification of its needs for 
comouters, and with a consideration of an increase of personnel 
of the Nikolaev and Simeiz branches. The staff aporcved by the 
Academy of Sciences in August of 1919 consisted of 64 ocsitions 
(of which 9 were fcr Nikolaev and 7 for Simeiz). This exceeded 
'y more than a factor of two the staff of 1912 (2? people, in- 
clusing the staff of the branches), the largest which the direc- 
tor 0. A. 3aklund was able to achieve through the erand patron- 
the chairran of the Committee of the Observatory.^ During the 
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period of Baklund's directorshipt in connection with the accepted 
voluae of workt astronoaers were so keenly needed for laboratory 
a!?d coBDUting work* that since 1917 a great voluae of unprocessed 
photographic elates* spectrograns and catalog observations were 
generated. 

The new civil rights and recently approved staff allowed 
women to be taken on as penaanent help at the observatory. A 
few of the first to be put on the staff were I. N. Balanovskaia- 
/.eitanan* M. V. ZHilova* and S. V. Romanskaia. In February of 19I8 
S. V. Romanskaia became the first ^osan to obtain access to 
astronomical observations. In February of J921 N. V. ZHilova and 
S. V. Romanskaia* chosen for the post of junior astronomers* 
joined the Astronomers Council. 

The active recruitraerit to the observatory of highly educated 
women resolved the problem of qualified calculatory help. In 
November of 1920 the Petrograd branch of Pulkovo calculators was 
orffa-^ized under the leadership of the experienced and erudite 
astronomer N. I. Idel’son. In J924 the staff of the observatory 
(together with the branches) reached 95 peoole, and in 1925 it 
was increased to 107 people, 6l of whi ;h were scientific col- 
leagues, and 36, technically qualified and junior technical 

^From 1889 to 1915 the chairman of the Committee of the Niko- 
laevsks.ia Principal Astronomical Observatory and president of 
the fetersburg Tmoerial Academy of Sciences was Grand Duke Kon- 
stantin Konstantinovich Romanov. 
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colleagues* i.«e. * assistants and calculators. In such a way* 
as regards "tasks given to the institution with previous eooch«," 
the strenffths and means for their iaolenentation must have suf- 
ficed with s<»e left over. 

However* the new epoch brou^t new problems. At that time 
a genuine revolution in physics am* astronomy was taking place. 
The discovery of galaxies* the birth of relativistic cosmology* 
the establishment of the law of recession of galaxies* all radi- 
cally changed the established view of the universe at the end 
of the last century. Jumping ahead* it is possible to say that 
mar^ Soviet astronomers were literally "knocked off their feet" 
with the bombardment of observational facts and theoretical 
conclusions impetuously rushing in from abroad* where technique 
allov 3d astonishing discoveries to be made. But only facts . 
were able to oppose the facts* or at least it was necessary to 
verify them* so as not to interpret them falsely. To obtain 
such a volume of facts was imoossible with the lack of suffi- 
ciently powerful equifmient. 

Highly out of date instriiments were furnished to Pulkovo 
in volume as a legacy from previous epochs* although the ob- 
servatory ae:ain was considered the most wealthy among other 
observatories of the country in regard to equipment. The manu- 
facture of two large* more powerful instruments* ordered from 
England* was su oended beginning with the World War of 191^- 
1918 . The resumotio.n of negotiations with the firm of Grubb- 
Parsoos took olace ir 1920 when diolomatic relations with 
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Western Europe were not far from being resumed again. These 
negotiations were carried out through the Delegation of foreign 
Trade ( Yneshtora ) in London with the direct participation of the 
national connissar of foreign trade L. B. Krasin. For the com- 
pletion of the work the firm demanded the additional payment of 
significant suns (over 24»000 pounds sterling* with an initial 
cost of the order of 17* 000)* idiich* in spite of the severe 
economic position of the country* the Soviet government allo- 
cated in 1922. In this way instruments were acquired for Pul- 
kovo Observatory. 

In December of 1924 A. A. Belopol*skii was comoiandeered 
to England for the insoection of the instruments on site. The 
1-meter reflector was almost ready* arrangements for a refractor 
were relatively finished concerning the increase of its diameter 
from 32 to 41 inches, in order to have the largest refractor 
in the world. The decision concerning the increase of the 
diameter of the refractor ultimately resulted in the fact that 
the firm did not mamfacture the objective. A photographic 
objective with a diameter of 32 inches was finally manufactured 
in Leningrad under ^he direction of D. D. Maksutov, but the 
refractor was not assembled t the mounting of the instrument, 
conveyed from England to Pulkovo, perished at the time of the 
war of I 94 I-I 945 . The objective of splendid quality was saved. 

The reflector with the 1-raeter mirror was transported to 
Slmeiz in iy25 and was established in the same year. The quality 
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of the optics turned out to be excellent* The establishment 
of this telescope presented itself as a highly significant 
event in Soviet astronomy of the oost-revolutionary oeriod* 

The telescope, however, was destroyed in 19^1 during the time 
of the occupation of the Crimea by Hitler’s troops. The ex- 
cellent mirror was disfigured by a direct hit, and the mounting, 
removed by the occupants to Germany, was used there for scrap 
metal* 

A large Littrow system diffraction spectro^aph of length 

7 meters (with a dispersion of 0.?6 A/mm in the third order) 

also is of concern to larce instrumental acquisitions* The 

soectroerraph and the coelostat to it (a flat-mirrored solar 

telescope) was also acquired in England and received at Pulkovo 

* 

in 1923 . In 192 ^ investigations of the aoparatus and systematic 
soectroscooic observations of the Sun were begun* Tne high 
disoers’on of the apparatus allowed highly profound problems 
to be set up and resolved. With the help of the new soectrograph 

V/ 

the 60 year-old A. A. Belopol'skii resumed his investigations of 
the law of rotation of the Sun with the purpose of the possible 
establishment of the connection between the rate of rotation and 
the activity of the Sun. 

Again in 1921 the German Astronomical Society^ raised the 

h 

For the international cooperation of the Carte du Ciel, 
the German Astronomical Society (Astronom' sche Geselischaft, AG), 
founded in IP 63 , played the role of a single international organi- 



question of repeated observation of all stars in the northern 
sky to 9th nagnltude (the so-called sonal catalogs or A6 Cata- 
logs). nie Astronomers Council of Pulkovo Observatory d elded 
to oarticioate in this work* in accord with which an order was 
made to the firm of Zeiss for the manufacture of a sonal astro- 
graph. The program of work discussed at a conference of 


sation* «diich compiled the work of observatories of different 
countries* in particular* thanks go to it for the establishment 
of the A6 Catalogs* undertaken in the 1870* s with the participa- 
tion of 20 observatories. These catalogs contained pcsitir>ns of 
stars to 9th magnitude (about 140*000 for the northern sky)* 
measured with the differential method by means of meridian cir- 
cles. The publication of the AG Catalogs was essentially com- 
pleted at the beginning of the XX century. Often these catalogs 
are called sonal catalogs* as with a consideration of them the 
sky is divided into zones of declination* which were delegated 
to the observatories-partici pants of the work. The reobserva- 
tion of the zor>al catalogs undertaken in the 1920* s emoloyed 
a change to ohotogranhic rethods for the determination of the 
onsitions of the majority of stars “attached" to reference stars, 
the oositionj of which were determined with meridian methods 
(meridian circles). 
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the Astronomical Society called in August of 1926 in Kopenhagen 
and it took on an international character. From Pulkovo P. P. 
Rens participated in the work of the conference and the zonal 
commission. The comnission distributed zones of observations 
among observatories, the photographic determination of stellar 
positions of the circumpolar zone and the observation with the 
meridiem circle of 3700 reference stars in the zone 35-60° north 
declination falling to Pulkovo's lot. The zonal astrograph (D = 
120 mm. f = 205 cm) with a four-element objective (for easy 
elimination of aberration and an enlarged working field of 5 X 5°) 
v?as received at Pulkovo at the end of 1926. In the following 
year they set about to the olanned photography of the circumpolar 
zone of the sky. 

It especially follows to mention the establishment at Pul- 
kovo in July of 19^0 of the horizontal solaur telescope (mirror 
coelostat D = 500 mmj principal parabolic mirror D = 500 mm. f = 
1700 cm), at that time the largest instrument in Europe for the 
investigation of the Sun. Manufactured by the State Optical- 
Mechanical Works (now LOM Q) . it was the first of that soviet 
industry. The construction of the telescope was supervised by 
the talented scie-'+IsT N. G. Ponomarev . the first class optics 
manufactured under the direction of D. D. Maksutov, The manufac- 
ture of large telescopes in our country on the basis of the 
native production opened new persoectives in the development 
of Soviet astronomy. 

Parts of the history of Pulkovo Observatory during the period 
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involved searches for new organizational forms. Such 
searches were inevitable t as far as the previous organization 
of work, with which everything was placed under the direct super- 
vision of the Grand Chairman of the Committee of the Observatory, 
did not accord with the principally new form of state government. 

As already mentioned, in December of 191? at Pulkovo arose 
an As!:ronomers Council, which in'^ependently decided many vital 
questions. According to the Statute of 1921, with the resolu- 
tions of the council the general course of scientific activity 
of the observatory was determined. In the charter of the Astro- 
nomers Council stands a presidium consisting oft the director 
of the observatory, his assistant, and the scientific secretary. 
In large measure the selection of the director depended on the 
council, all the remaining positions being filled only through 
the council. The financial and economic activity was regulated 
by an economic committee consisting of the presiding director, 
three elected representatives from the Astronomers Council and 
three from the remaining personnel of the observatory, chosen 
for the year. As is evident, the chosen basis and the democracy 
in the government were then established at a high level. 

Because of the great rights of the Astronomers Council the 
director of the observatory did not play that deciding role in 
the activity of the observatory which belonged to him in pre- 
revolutionary years, although for the "scientific face of the 
establishment," who assumed this position, as before, had signi- 
ficance. Fruitful in his activity at this post was A. A. Ivanov, 
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for whom A. D. Drozd was exchanged in 1931 for . short term. 

The directorship of the latter was an especially notable "break" 
from organizationrJ. beginnings/ His own scientific activity 
was organized with observations on the zenith telescope in 1917 - 
1920* and of the processing and discussion cf these observations. 
At the beginning of 1933 the great scientific professor of 
KHar'kov University# B. P. Gerasimovich ( 1889-1937) » headed up 
the observatory» Pulkovo astronomers knew him since 1915 in 
connection with his visit to Pulkovo for the carrying out of 
scientific work* and in 1931 he was the head of the astrophysical 
sector. During the period of Gerasimovich's directorship the 
scientific activity of the observatory was strongly revived and 
strengthened. Prom 1937 to 19^3 the director of the observatory 
was S. I. Beliavskii (1883-1953)» an untiring observer and the 
head of the Simeiz branch for the extent of almost two decades. 

For the activity of Pulkovo Observatory, which until 1917* 
luding the period of Bredikhin's directorship, remained to a 
sienificant degree secluded* in post-revolutionary years there 
existed a characteristically uninterrupted growth of scientific 
and business contacts with other astronomical participants of 
the country. Above all ihe connection was manifested iti confer- 
ences of astronomers, the joint commissions and voluntary unions 
of scientists. Again with the life of 0. A. Baklund in the <■ 
pany of Pulkovo astronomers a project arose concerning ar organi- 
zation of Russian astronomers. The project drew the sr.ppcrt of 
many scientists, and in April of 19 I? in Petrograd ine consti- 
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tuent asseably of the Ruiisian Aetrononleal l^on was oi*gaiilsed. 
Later on the uiiion was renewed' the Association of Astroncwers 
01 * the RSFSR* which called three Kore weeti igst in 1920* 192h* 
and 1927| after this i':s activity was discontinued.. After the 
chanere there c^e about in 1932 a non^professicnal voluntary 
union of soecialists and anateur astronoaers* the All-union 
Ast**onoisical-Geoder ical Society f TACO^ )* which brou*'-hc in local 
society* like the Russian Astroncaical Society* c* .inr prin- 
cioally o^ Leningrad {Petersburg} astronoaers aaurui geodet its* 
and the 'ietrooolitan Circle of Anateur AstrontsMrs* founded in 
18^7* which was l*ke the lk>scow s-^wiic-^JJI^OB). ^ ' 

Es pec ’.ally inoort ant was the creation of an organisation 
-:ordinating the a tivity of astronomical cclleagiiies. Thus* in 
1924* by decree of the Council of Peocls's Connissaj^ ( Sovnarkon ) 
of -the LHSSR. .le Joint T.'ne Service CcMd.seion created # under 
the ch'tirmanshlp of the director of T*ulkovo Observatory. This 
v#a? the first serious effort for the coordinutioh of the work* 
yet only in one narro-r sohere. In 1937* the ACodemy of 

Sciences of the USSR* was fomed the AstroR-mical Council* as 
3 djr-.'ctinff and coo’^.inatin#*' center c** all astronoEical investi- 
irjti''ns in cur country, the standards'o^ which have increased 
nany times. 
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SCIBIITIPIC JkCHXSVSNBiifS AMD 3SAP.CHES 

traditional cataIo<r observations* started at Pulkovo at 
the ttae of the founding of '^e observatory* were not discon* 
tini*ed until July of 19bl« -9ie observatipxus and processing of 
the intensediate absolute catalogs of 1915 were just finished* 
when in .1920 observers wi^ the lai^ transit i^trtuKnt and 
vertical circle set about, to create the next catalogs* but not 
accordir^ to the plan of V* Struve* according to which the mxt 
catalogs were to be intended for the epoch 1925«0. Interaediate 
absolute catalogs of rS eht ascensions and declinations of 558 
bright stars weire aade up for the 1930*0 epoch* And this fin- 
ished in itself a new program of observations having cone into 
ooeration* only jnst having finished, the previous one* The 

f- 

catalogs of 1925 wefe^^^ike the intermediate ones. In fact 
they presented themselves as a ? <"ical extension* and a rather 
extensive suoplement to the intermediate catuogs of 1915* The 
fact is that the catalogs of 1915 » consisting of stars of the 
Baklupc-hoff list* were adopted for the special purpose of the 
mainteramce of the basis of the photographic Carte du Ciel * and 
did not fully satisfy practical, in particular geodesical, prob- 
lems. This insufficiency might have been eliminated by means 
of a replenishment of previous catal '»gs o:^ stars to 6th magnitude. 
Thus arose the absolute catalogs of right ascensions and decli- 
nations of 133 *^ briaht sta^-s for the ep^ch 1925*0. 

Aocordinr t^ b»ie meridian circle proaram (difierential 
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observations) it was neces^ry agafn to finish tiie processing 
of iHiaerous observatloM of a large nuaber of *,tars of the 
Helsingfora spite and the atalog of Schellerup". But in 1929 
the untiiring A* A* Kor^at*eT» and also IA« I* BeliaeT and N. 

Y. fSiaaenMn, set about to the observations of reference stars . 
of the sone 35*^0^ for the international prograa of the AG Cata~ 
logs, fhe work uas carried on to the end of 1934-* However, in 
1932 a new extensive prograa of observations was outlined, the 
iapleaentation^f wnlch other observatories of the USSR took 
part in. -The questio.ah^ concerns., - the So^alled "Catalog of 
Geodesical Stars." containing accurate positions of all stars 
to 6th aagnitude froa the pole t** declination -10°. 

This catalog contains alaost all (with very few exceptions) 
stars of the absolute Pulkovo catalogs of 1915 and 1925. and 
according to the accuracy the new geodesical catalog aust have 
had to excell the resultant absolute catalogs. For stars of the 
Baklund-Hoff list (the catalog of 1915) this ai^t have sufficed 
by Beans of a processing of all existing catalogs. As far as 
the Baklund Hoff list was recognized internationally, aany oDser- 
vatories produced observations of stars on the list. The Astro- 
nomical Institude in Leningrad and Pulkovo Observatory made that 
orocessrnff. and the summary catalogs were Jlished in 193 ^- 1935 • 
Positions of the 133^ stars of the 1915 catalog stood to increase 
precision. For this all 133^ stars had ‘•'o be observed with maxi- 
mum thoroughness repeatedly by several Soviet observatories 
it-cluded in this cooperative work. N. V. TSimnerrr.ai.( 1890-19^2) 
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i^keid 4Mit 1^ of dbsscvfttiMiBi Jw Sttporriooi t \l the 

%ortc»f rfiio" o h o or o h tioiig and li jiinifirtil ii— m j of tliia tumid 
oat to be finislMid ift ijftutai of 1^9t a ooKpIote redoeticm 

of the eettilog^ «a*i deliqrettilae to:^t^ INM^ tim death of N. T« : 

o - ^ . ■ - - • 

ISltpirann*. the co|^eti<» of all {idmeasiiiCE and t^ ^bllea* 
tl<M of the catalog called <mt bf A* A. llea^o laid 8* A. 
Orlov. **|^taii^ of ^57 biH^t ethra «dth d^limtioi^ 

froa -10^ to *<90^ was broo^t to lli^t |ji I9MI. POr this «ortc 

Aeadeoy of Sciences pos'^oaously svaMed H. ▼. TSianeraan 

- *; ' . - 

the Pv A*- ftredlMiin prise. . 

; Already a-l. the slid of . the 1930 ^.s .tte sv^cessfux begirming 
and truest ionable progress in the inpleaentatlon of the first 
large joint effort of soviet observatories allowed astronc«er*f 
to set^koat to tho realisation of a far aore grandiose plan* 
the establisittent of a catalog of precise positions of faint stars. 
In 1932 6. P. Gerasimovich and H. I. Dneprovskii suggested a 
deeoly and thoroughly thou^t out proposal concerning the creation 
of such a catalog. Uiey did not have a narrowly practical ob- 
jective* rather* an extensive long range scientific proeraat 
"The universe of Struve and Bessel accessible to nearureaent 
was contained in the sphere* depicted from the center of the Sun 
with a radius of a few parsecs t the uni^'erse of Shapley and Hubble 
took UD the soace of a hundred million parsecs. . As an 

^Proceedings of the Astronomical Conference. Pulkovo, 5-9 
March 1932. Pulkovo Observatory, Leningrad, 1933* P» 137. In 
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experiaental strategy they did not propose to throw all powers 
”to the assault** for the achieveaent of new* unprecedented 
boundaries* for which no one had the means (high powered tele- 
scopes)* and tu concentrate the organised human reserves to it* 
in order to assimilate and secure the things achieved. For 
Soviet astronomy* only having started to play havoc with its 
forces* this program was especially reasonable i it allowed the 
most advantageous positions at the advanced borders of science 
to be taken. 


the cited quotation human understandings concerning the universe 
of the 1840* 8 and 1940* s are compared. H. Shapley and £. Hubble 
were American astronomers who made especially significant contri- 
butions in the development of extragalactic astronomy. In partic 
ular* Shapley developed the method of determination of distances 
to Ceoheids* which are called the "candles cf the universe"; he 
studied the structural features of galaxies and their distribu- 
tion in space. Hubble was the first to demonstrate the existence 
of extragalactic stellar systems* having resolved the most nearby 
galaxies into stars; he established the law of "red shift" (reces 
Sion of galaxies). A parsec (parallax of a second) is a unit of 
distance equal to ?.26 15ght years (1 pc = 3*08 X 10^^ km). The 
latest astronomy and radioastroror'v deal with distances not in 
the hundred milliors, but in billions of parsecs, i..e., distances 
to 10^^ km. 
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The procnraa of Geraslnovich^neprovskii turned out as 
persoeetive and solely correct as the prograa of obt.ervations 
of W« Strure was in its own tiae. 

The idea of a catalog of faint stars can be elaborated in 
the following way. The fOndanental catalogs made at the end 
of the XIX and beginning of the XX centuries in essence con- 
tained in then bright stars* !.*£.*• stars prinarily near to usi 
stars contained in then were heterogeneous according to spec- 
tral make-uo* and consequently* their positions and proper 
motions were affected by different accidental and systematic 
errors. In a significant number of cases one can avoid this* 
reasonably having oicked up a sufficiently uniform complement 
of (faint) stars* faint stars bein^ advantageous not only because 
the accuracy of the determinations of their eoo»^inr*tes is essen- 
tially increased* but also because they stand as resultant bench 
marks for the distant and extremely distant probli*^ of the uni- 
verse* beiner more remote from u« in comoarison with bright stars. 
In order to obtain coordinates of the bench marks, possibly nore 
accurately* the coordinate system itself, connected with the 
"celestial equator" and the olane of motion of the Earth about 
the Sun- the ecliptic- must be "fixed" with all reliability, 
for which the observations of plemets* and not the Sun, are 
to be advantaireously utilized. Finally* the bench marks must 
orovide, as far as possible* "absolute values" of proper mo- 
tions, which follow to be determined according to practically 
fixed objects- remote galaxies. All these points of a common 
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idea were new as an idea itself. The interlacing with then 
of astroaetrical* celestial-aechanical* stellar astronoaical* 
and astrofdiysical problems made the vrtiole problem especially 
inviting. 

Not by chance were the scientists ardently devoted to the 
prosraa wixh enthasiasa. Moscow astronomers took to the natter 
particularly actively* having done the work under the direction 
of M. S. Zverev in such a manr«r as to correctly personify the 
ideological program (the selec tion of stars of the program* the 
exoloitation of the method of observations r the arrangement 
of forces and means* the tria^ observations and other questions). 
The war intex'rupted the business which had begun. . . 

Worrying about a number of scientific problems concerning 
anticipatory work in science* Pulkovo astronomers* as in previous 
times* '^id not forget about the practix^al problems having a 
national -economic significance. An example of such is the "Cata- 
log of 6®odesical 5tars." However, it follows to also mention 
the organization of a time service on a wide ~cale, i.*e., not 
only for the use of Pulkovo Observatory itself, but for all 
countries, expanding on a wide path of accelerated economic 
development, with which the orecision in time plays a paramount 
r-'le. Accurate time j'ccially necessary for the unfolding 

of ceodesical work. 

On 1 Dece* ■ a ' ..i:or of preliminary experi- 
ments* signals ^ ^ be regularly transn ; tted 

from Pulkovo t • . ’o,;rograd radio station "New 
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Hollandiat" and on 25 May 1921- also through the. Moscow CKHo- 
dynskaia) radio station. On 11 July 1923 *New Hollandia* was 
reolaced by the Detskosel*skaia radio station* which did not 
break the regularity of transmission. Although the Moscow 
transmitting stations all were changed* the regular provision 
of all organizations and expeditions in the country with accu- 
rate time from Pulkovo continued until 12 July 19^1* Ths dis- 
continuance of transmission from Pulkovo did not affect the 
vital means of accurate time to the “consumer*" as far as the 
broadcast of radio time signals wss produced also from Tashkent 
sincf 1929* and in 1931 the P. K. SHternberg State Astronomical 
Institute ( GAISK ) in Moscow organized tl.a re^lar transmission 
of rhythmical signals of accurate time. 

The establishment of the Interdepartmental Time Service 
Comnission in 192h oromoted the development of separate ser- 
vices i if in the first years of Soviet rule only two accurate 
time services operated (Pulkovo Observatory and the Principal 
Board of Weights and Measures}* then in 1938 the nur'r > of them 
reached seven. In 1928 the Commission began to publish summary 
features of rhythmical radio time signals* which had an inoor- 
tant meaning for "cons’uners." The Bureau International de 1*1 jure 
set about to orniuce aualogous oublications in 1931* 

The observations of longitude differences between Pulkovo 
Observatory and other p'^ints undertaken at Pulkovo Observatory 
had an imocrtant oractical signif icance . Thus, in 1925* with 
the help of a radio telegraah* the longitude difference of 



Pullcovo-Gr«dii«ich determined by lA* I. Belii^ adfid tii. I. 

^ 2 ' - - 

Dheorovekii. An accurate value of the longitude of Pulkovo* 

rendered* ae all longitudes* from the sero meridian of Green« 
wich* ws especially important for geodesicel and geograi^lcal 
investigations. ^In 1928 the Russian Geographical Society 
award ''d a gold, i^al to the executors of ^is work. Then 
followed a serias ol^deterBinatiom> of longitude differences < 
Pulkovo-Nikolaev XI 928 )* Pulkovo-Nosccw (1930)* and with the 
participation of Pulkovo astronomers or even with the unilateral 
method were determined the longitudes of Simeix (1926)* Sverd- 
lovsk and Tbilisi (1930)* ArUiangelsk (1932)* Novosibirsk (1936) 
and othetr points. Pulkovo Observatory assumed participation 
in the determination of the longitudes of several points on the 
course of the Baltic Geodesical Commission (the USSR joined this 
cosnission in 1929)* and organized a whole series of geodesical 
and gravimetric investigations "on the ring"i Helsinki-Stockholm 
Copenhaaen-Potsdam-R iga-Tall in-Pulkovo-Hels inki . 

^With such determinations astronf^raical observations were 
prcduced at both points with observers changing their places. 

The correlation of results of treir observations (from which 
the difference of longitude was calculated) was attained as far 
as possible simultaneously thanks to the reception of accurate 
radio time signals by both observers from some prechnsen radio 
station. 



FroB September- 1^15 to l>eceiibet‘ 1$|28 the ,lati-^e senrice 
of PitUcoyo Obsermtory (ss^tOBatlo obe'ervatlons. on the senith 
telescope) produced obsenrations for nii: extensive program 
long** l>a«* froii sunset till sunrise. The r«*t ^ 
progx^ covered a ei^ifica^tly greater quantity of stars than 
before. The purpose -of vouch a program consisted of the fact 
that* besi^s the study of the generalvehazacter of the pole's 
motion*, f t ,«aO ,ito reveal^ short period changes* in particular 
a daily variation of latitude. During the 13>year period of 
the extensive progj^am of observations over 27*000 latitude 
measurements* and during the period 1900-19^1 about 58»000 
determinations* were obtained. The analysis of this colossal 
material showed that Pulkovo determinations possessed a very 
high precision and allowed to serve even the control of the 
International Latitude Service. Observations for the exten- 
sive nrogram revealed in the oscillations of latitude the 
existence of a daily term with a very small amplitude (0S04)* 
the nature of which even now is not understood. 

Latitude observations were even revived on the transit 
instrument on the prime vertical. From 191? to 19h? A. S. 
Vasil* ev (1868-19^7) produced observations. His results, pub- 
lished 5n 1952 , summed up the centennial observations of the 
transit instrument on the prime vertical* started by the foun- 
der of the observatory himself* W. Struve. The fundamental 
inference of A. S. Vasil'ev consisted of the fact that the 
daily oscillation of latitude discovered by him (wich another 
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phasa and vith an amplitude of 0S16» essentially greater t)um 
on the senith telescope) resulted from abnormal refraction* 
with wnich* however* other authors did not corroborate. The 
magnitude of the daily oscillation obtained by means of the 
senith telescope is. taken as more reliable* but the overesti* 
mated value* determined from observations on the transit instru- 
ment* po8sib'*y characterised <% ^ of the instrument* 

for example* its greater susceptibility to changes of tempera- 
ture of the surrounding air. 

Let us retxirn to astrophotography and astrophysics. After 
the lapse of two decades photograohic plates from the "plate 
library" of S. K. Kostinskii began to acquire a special signi- 
ficzuice . The repeated photography of Kapteyn's ^selected areas" 
was undertaken ii. 1924 and 1932. On the basis of this was 
carried out the determinations of stellar f'^oper motions with 
a difference between epochs of photo&raphy of 12 and 20 years. 
The trial work (with a difference of epochs of 12 years) was 
a catalog of proper motions of 3189 ®tars in 13 areas* published 
by A. N. De5ch and E. lA. Perepelkin in 1935» Then in 1940 
a fundamental work of A. K. Deich concerning a catalog of 
prooer motions of 18.000 stars in 74 selected areas was brought 
to light. The precision of the catalog stood at the level of 
modern demands, in spite of the fact that the normal astrograph 
was the smallest instrument of those which were used for the 
determinations of proper motions according to Kapteyn’s plan. 

Another large astrophotoffraphical work was imolemented in 
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connection with an international conmltment- tHe participation 
in the reobaervation. of the AG Catalcga. The photography of 
the circumpolar region of the sky by means of a sonal astro- 
craph was undertaken by X. A. Balemovskiii under his direction 
the processing all plates (about 200)» ..theiE'«eaSureiient» and 
the calculation of "plate constants" was carried out. Later, 
on (for the calculation of stellar coordinates and summary 
results) the leadership wsts passed on to S. I. Beliavskii. 

The result of the work was the "Astrographic Catalog of 11 ,J22 
Stars between 70® North Declination and the North Pole," pub- 
lished in 1947 . 

Kanteyn’s plan found reflection in the astrophysical inves- 
tigations of Pulkovo Observatory. In 1926 G, A. Tikhov under- 
took the determination of colors 01' stars in 91 Kapteyn areas 
with the method of the "longitudinal spectrograph." The essence 
of the method, suggested by o>^3 writer in 1916, consists in the 
utilization of a defect of the Bredikhin astrograph- uncorrected 
chromatic aberration. As far as rays of different colors do 
not collect at the focus identically (not at one point), the 
ohotoffraohy of stellar images will look circular on the plate, 
affected differently for stars of different colors, especially 
if the middle of the objective is masked from the incident 
beam with ein opaque disk. Carrying out the calibration of 
stellar images for stars with known colors, it is then possible 
to determine the colors of other stars in great quantity, 
which was done. The results of the determinations were nub- 
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lished in the f orm af two catalogs iii i93i7^ and 1951 * 

^ 

The interests of jS* A. Tikhov brought hia also to inves- 
tigations in the area of attwapheric optics ahd observations 
of solar eclipses. In the suamer of 1927 an expedition of 
Pulkovo astronomers with I. A. Balanovskii at the head departed 
for Malmberget (Sweden) for the observation of the total solar 
eclipse of :29'J!une 192?i among them 6 . A. ^Mov assumed parti- 
cipation, who obtained photographs of the solar cororm through 
filters by means of the four-element coronagraph^ On ti»fe*. 
basis he made an interesting conclusion concerning the fe^t 
that the corona of the Sun consists of two parts* a diffuse, 
reddish one, having a spherical form, and a radiant v/hite one 
that ir the same color as the solar photosphere/ He success- 
fully participated tn -the program of coronal and atmospheric- 
ootical investigations in the observations of the solar eclipse 
of 19 June 1936, the total phase ^one of which passed over 
territ >ries of the USSR. Preparation f^r this eclipse also 
inc id the manufacture (at Soviet plants) of new instruments; 
fh'- observations were associated with many expeditions. At 
the beginning of the Patriotic War G. A. Tikhov placed himself 
at the head of an expedition to Alma-Atr. for the observation 
of the total eclipse of 21 September 19^1* After the war 
Tikhov remained at Alma-Ata where he organized the Sector of 
.^stro-Botany for the Academy of Sciences of the Kazakh SSR, 
and he entirely devoted himself to investigations of Mars. 

In observations of the Sun at Pulkovo itself, except the 
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of A. A, Belopolskii t new irections of investif'itions were 
outlined. In 1928 £. lA. Pereoelkin l>effan* and in 1933 jointly 
continued with V. P. Viazanitsyn* sj'stema.;ic cbservations of 
solar oroninences by dieans of the 30 -inr'* refracxor (with the 
soectral method). In 1932 analogous obearvations of the chromo- 
sphere with the utilization f the Littrow ipecticgraph were 

y o 

eSrrie4 on. If A. A. Belopolskii measured the positions and 

V 

disolacemeiits of lines in the solar spectrum* on the basis of 
fdiieh he based the law of rotatiwn of t>*^ Sun, then E. lA. Pere- 
neikin provided the fundamental method for the photometry of 
spectral lines, i.*e., the qualitative measurements within liTies 
(the widths of the lines, their profiles and the strengths of 
absoi"otion in them), which allowed the physical conditions in 
different layer's of the Sun (photosohere, chromosphere, and 
prominences) to be more widely presented: the relative mainten- 
ance of different chemical elements in these layers, the velo- 
cities of different r :oms producing the spectral lines, the 
electron density and electron pressure, etc. I;i relation to 
the law of rotation of the Sun, joung scientists drew conclu- 
sions not only concerning the character of this law according 
to heliograohic longitude (like Belopo] ' ski i ) , but also deoen- 
ding on the deoth of the layers of the solar atmosphere ifrom 
snectral lines of different chemical elonents, not having an 
identical distribution with deoth). ^ They determined ,he exis- 

^With epth (as far as the word is used concerning its 
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in the oro;_ .i^ . . and in *he chi jsphere* of large turbulent 
(mixing) velccltir 3 of ato*^, which exceed their thermal veloci- 
ties- the themaj velocities of atoms are characteristic of 
the flriven temoer/^feure. 

One of the most ini'ortant results of spectrophotcHaetric 
investiffations cf orominences was the establishment of that 
fact, that the relationship of the intensity of the lines of 
hydroaep. and calcium revealed significant fluctuations from 
orominence to promir-nce, and, on the average, for a large 
number of i-'rominences this relation smooths? v changed with the 
solar activity cycle. The intensity of spectral lines depends 
on the number of atoms participating in the formation of lines, 
and also on the quantity and quality of radiation passing 
through the cloud of atoms (gas). As the relative quantity 
of atoms (calcium and hydrogen) cannot be essentially different 
in seoarate orominences, and irtiat is more, it does not change 


relatively small change) not so much the chemical composition 
chanaes iS the temperature conditions determining the degree 
of excitation of the atoms (the ability of them to emit or 
absorb radiation). The conditions of excitation strongly dif- 
fer for atoms of different elements, and therefore, sometimes 
even with the relatively small change of temoerature, lines of 
one element vanish in the spectrum of the mixture of gases and 
lines of other elements aopear. This precisely is characteris- 
tic for the different layers of the Sun. 
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in the whole solar atmosnhere* and as the quantity of solar 
radiation is also considered to be invariable (the "invariabil- 
ity" of it characterizes a so called solr«r constant),^ then 
deoendin^ on the phase of the Sun's activity the quality of 
radiation chaneest with naximum activity (greatest quantity 
of spots) the role of the Sun's ultraviolet radiation increases. 
In that way was established the "ultraviolet index" of solar 
activity (ordirary indices of activity are pooled toOTt^'er 
from the observed nuaber of sunspots and the number of groups 
of soots* and als<' of the general magnitude of their area^ 

In 1932 B. lA. Perepelkin organized a continua] ly func- 
tioning solar service. This service was already conceited 
twice at Pulkovo. In essence* the photograohy of the Sun by 
Hasselberg and Belopol’skii in 1831-1395 already embodied the 
service itself. In 1921-1929 M. V* ZHilova produced systeziatic 

4 

The solar constant is the total quantity of radiation 
emanating from the Sun in 1 rain to an area of 1 square cm which 
is located at the limits of the terrestrial atmosphere* peroen- 
d’cular to the solar rays^ at the average distance of the Earth 
*0 the Sun* it amounts to about 2 cal/cm* win. The 5 percent 
limits of uncertainty stipulate the difficulty of a complete 
estimate of infrared and ultraviolet radiation of the Sun. The 
attempt to establish the possible fluctuations of the solar 
constant deoending on the Sun's activity was not brought to 
the determined results because of that difficulty of measurement. 
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observations of sunsoots and facuXae by reans of a 3-inch 
Zeiss scope with projection of the solar inage on a screen.^ 
However* only an acute need in the given service allowed "to 
set it on its feet* finally* Wiis need arose first of all 
as a result of quickly developing needs of ccanunication 
(telesranh and esoecially radio}* the continuity and clearness 
of the work of which depends on the condition of the ionosphere 
(the electrically charged layer of the F-arch*s atnosphere) and 
the magnetic field vif the Earth, and the condition of the latter 
in its own right Js detei.'-*n#‘a srfth solar activity* The practical 
significance of the solar service had not failed to be demon- 
strated* Data of this service were not only utilized with the 
establishment of communication* as far as the a tivity of the 
Sun affected many geophysical ohenomena* bat also in various 
itatistica.1 investigations md even in medicinal practice, as 
was established the connection between the activity cf the Sun 
and the condition of health of peonle suffering frcm various 
chronic d'seases* 

In connection with this great value* the forecast cf s'lar 
activity was achieved, and the forecasting, more often of all 

"'in various re^o'^ts of the Principal Astronomical Cbservatcry 
during these years tables of the number of sunspots (and faculae) 
and the quantity of groups of snots per month were set ferth. 

This is nrecisely that which follows for the working out of rela- 
tive “Wolf nunbeis,'* which are wiaely used as the most obvi';us 
index cf solar activity up till now. 
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■ore reliable in coapariuon with purely theoretical nethods, 
again insufficiently exploited, was produced on the basis of 
statistical generalisations of results of previous observations, 
niat is why the publication of the "Catalog^ of Solar Activity," 
started by Pulkovo Observatory in 1939 (the first catalog con- 
tained data for 1932-1937) • has an iaportant Meaning. With the 
organisation of the Pulkovo solar service (observations of the 
Sun with the photoheliograph produced at Siaeis) in essence 
arose the "United Solar Service" in the USSRt data of other 
observatories (Tashkent, KHarhcov, Abastumani) were received at 
Pulkovo and included in general summaries.^ Begiruiing in 1938 
the reduction of data to a single system was produced by R. S. 
Gnevyshev, under whose direction the publication of the cata- 
logs continued. Highly valuable were investigations of the 
influence of solar activity on the character of various terres- 
trial orocesses conducted by Pulkovo astronomers and collected 

7 

in soecial monograohs.' 

Repeatedly in the 1930* s came up the question of the oreani- 

^At the present time summary data of catalogs of solar 
activity are usually built on the basis of results of observa- 
tions of 10 soviet solar services and 5 observatories of social- 
ist countries. 

7 . - ^ 

M. S. Eigenson, M. N. Gnevyshev, A. I. 01', B. M.Rubashev. 
Solar activity and its terrestrial manifestation. Moscow, 1948. 
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cation in southern lands of an astrophysical branch of Pulkovo 
Observatory- a well -equipped base constructed in more favorable 
climatic and astro climatic ccnditions. Much of the attention 

was devoted to the selection of a suitable site* for vdiich in 

^ 

1935**194^0 were equioped expeditions to the Crimea* Kakhetiia* 
and Central Asiat theoretical questions of the study of the 
astro-regime and astro-climatic conditions were pursued. Side 
by side with this remained special themes of a practical nature 
concerning the investigation with astrophysical methods of the 
terrestrial atmosphere* the luminescence of the night sky* and 
the polar aurora (G. A. Tikhov* D. I. Eropkin. N. A. Kozyrev). 

With the establishment of the 1 -me ter reflector the Simeiz 
branch became one of the best equipped observatories in the 
country. By means of the new reflector highly sensitive astro- 
soectrosconic investigations were implemented. In 1925 Simeiz 
was directed by G. A. SHain (1892-1956^» '»ho was chosen in 1939 
as an academician. The discovery (1929) of the ranid rotation 
of stars of early spectral classes belongs jointly to him and 
Otto Struve. In the Crimea* by means of the 40-inch reflector, 
G. A. SHain and V. A. Al'bitskii determined the radial velocit'id^ 
of aooroximately 800 stars. They discovered about 30 new spec- 
troscooic binaries, the majority of which were repeatedly ob- 
served, and were investigated in detail right up to the calcula- 
tion of their orbits. G. A. SHain studied the peculiarities 
and abnormalities in spectra of stars of different types and 
proDOsed theoretical explanations of these features; in the 
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very ease period the beginning of his work on gaseous nebulae 
took place. 

Prom theoretical works of Pulkovo astronomers* among them 
can be singled out the investigations of B. P. Gerasimovich on 
the theory of stellar atmospheres* the interior structure of 

✓-V ^ 

stars* and stellai* statistics. V. A. Ambartsumian* a distin~ 
^uished astronomer of our time* an academician since 1953* began 
his scientific activity at Pulkovo. There he carried out an 
investigation of the temperatures of Wolf-Rayet and f Cygni 
stars* which are distinguished by a rapid outflow of matter 
from their surfaces! he studied questions of radiative equilib> 
rium of plaiietary nebulae and vore exactly defined the method 
of determination of the temoeratures central stars. Then at 
Pulkovo arrived N. A. Kozyrev* subsequently m-ide famous with 
notable works on the ohysics of planets are! the physical inves- 
tigations of the properties of time. In 193h he became distin- 
auished tharJcs to decisions of an important and actual problem 
concerning radiative equiliurium of stars with extended atmosoheres. 
V. A. Krat* the present director of Pulkovo Observatory, having 
become the head of its Astrophysics Section in 1938* studied 
the theoretical problem concerning figures of equilibrium of 

double stars. Later on this work took the form of a more general 
8 

monograph. The investigations concerning cosmology and the 

Q 

V. A. Krat. Figures of equilibrium of celestial boll^s. 


Moscow-Leningrad, 1951 
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theory of relativity (V. A. Krat* A. P. Bogorodskii* M. S. Eigen- 
son) deserve mention* 

The educational activity of Pulkovo astronomers was extensive 
and many-sided* Many of them are read in lectures at the Lenin- 
grad University and different universities* Students of univer- 
sities: anS students of the geodesical faculty of the Military- 
engineering Academy passed their practicals at Pulkovot young 
astronomers from many observatories worked on problems i post- 
graduate students and those working on their doctorates preoared 
theaiselves. In 1938 the number of them reached 11* On the basis 
of the lectures read through at the Bestuzhev courses at the Petro- 
grad University, in 1921-1924 appeared the notable courses of 
A. A* Ivanovt ‘ Course oh spherical astronomy .^ urtiich ran into 
several editions! of A* A. Belopol'skiii - Astrospectroscopy j 
G;u A* Tikhovi Astrophotometry* The two last books were a prcto- 
tyoe of the "Course on Astrophysics and Stellar pub- 

lished in two volumes . by a collective of authors under the 
editorship of B* P« Gerasimovich in 1934-1936* The publication 
of such a course, written essentially by a new collective of 
authors, was once again carried out in 1951*’1964 under the edi- 
torship of A* A* Mikhailov (in 3 volumes)* 

No less extensive was the popularized activity of the 
observatory. Startiner with 1918 numerous delegations of wor- 
kers and excursions visited Pulkovo Observatory. At the end 
of the 1930* s the number of excursions reached 400 per year 
with the number of euests greater than 12.000 people. The 
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popularity of Pulkovo Observatory grew. 

This widesoread fame appeared as a result of not only the 
inclination of the oopulation toward astronomical accomplish- 
ments* but also the versatile and selfless activity of the 
observatory's personnel. The staff of scientific and scientific- 
technical workers of the observatory on 1 January 1941 consisted 
of 72 peoole* of which 10 were doctors and 18 were candidates of 
science. This was in general a small collective for that vast 
work which is difficult to wholly survey in so short an essay. 

A ceremonial anniversary session of the Academy of Sciences 
of the USSR was held on 3-6 June 19^0 in connection with the 
100th year of Pulkovo Observatory. No one surmised that in 14-15 
months it was destined to be turned into a heap of ruins. 

The war of 1941-1945* imnosed on our country by the German 
Nazis* inflicted areat damage to Soviet astronomy. Pulkovo 
Observatory was destroyed to the foundation* it lost all large 
instruments* a significant part of the library and many peoole. 

At the time of the blockade of Leningrad N. V. TSimmernan* N. G. 
Ponomarev* P. F. Renz* V. A. Elistratov* V. R. Berg* and many 
of the observatory's colleagues died* the post graduate student 
S. S. Petrov perished at the front* the post graduate student 
B. S. SHul'man and the manager D. E. Ezhov died from hostile 
bomb irdment. The Nikolaev ^'ranch suffered greatly* situated 
within German occunation. The Simeiz branch* ruined and burned 
down at the time of the occuoation of the Crimea, ^ost its oearl- 
the first-class 1-meter reflector. 

A great ueal came tt be created anew. 
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A SBCOND BIRTH 

In Seotenber of 1943* at the hel^t of the war* an astro* 
nomical cbi^erence took place in Moscow* called by the Academy 
of Sciences of the USSR* All distinguished astronomers of the 
country assuned participation in the conference* The fundamental 
result of the conference was an estimate of the role and signi- 
ficance of Soviet astronomy in the development of world astro- 
nomical science and an outline of subsequent actual tasks in the 
upcoming period* The significance of Soviet astronomy '-as highly 
modestly appraised* which* in spite of notable accomolishments* 

"on the whole again did not manage to assume /v leading position 
in world science* which Russian astrometry played in the second 
half of the XIX century.**^ The progress of Soviet astrophysics 
was also impartially appraised* "The level of practical and 
theoretical astrophysics in our country is equal to the level 
in the orincipal European countries. . . However, we cannot 
oresently compete with America in ability in the area of funda- 
mental problems with a principal method, due to a lack of powerful 
equioment*" The insufficiency of equipment was discussed in 
astrnmetrical works, although the situation in astrometry was 
better by far than in astrophysics. 

^Astronomicheskii ZHurnal, 19^» v. 21, pt. 1-2, pp. 57-66. 

^Ibid. 
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As with the extensive damage • almost a push backwards* 
was the loss of two of the best equipped observatories- Pulkovo 
and Simeiz. It seemed imminently impossible to return even to 
the prewar condition. At the saiae tine as the USA established 
a 5-®®ter reflector shortly after the Second World War* we were 
forced to recreate that which was destroyed in the years of the 
war. However* the participants of the conference confidently 
discussed plans for the future* before everything considering 
the problem of the restorati on of the Pulkovo* Crimean* aM 
Nikolaev observatories. 

In the difficult conditions of the dissociation of all 
collectives* an acute shortage of materials* equipment and 
even foodstuffs* astronomers continued to work at Tashkent* 

Kitab (Uzbek SSR)* Abastumant (Georgian SSR)* Kazan aiid Alma- 
Ata, where the circumstances of the war and a forced evacuation 
brouffht them. Bet^ides purely scientific problems* astronomers 
gave much attention to the working out of questions of defense 
thematics* having an imoortant signif icanc-' for the country at 
that time. The organization of scientific work in the war years 
was highly instructive and merits a wider illumination than is 
Dosslble within the limits of the given book. 

A conviction in the righteousness of its struggle, unpre- 
cedented courage and heroism led the Soviet nation to victory. 
Already in January of 19^4 Leningrad was finally liberated from 
the blockade. The battles subsided <xT Pulkovo. In February 
of 1944 N. N. Pavlov was the f ir to return to Leningrad* 
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apDointed scientific secretary of the observatory. In the 
beeinning of March Pulkovo appointed a commission with G. N. 
Neuimin at the head* who became director of the observatory in 
April of 19 ^ • In May of the s&me year governmental instructions 
were obtained concerning the working out of plans and a general 
estimate of the expenses for the restoration and reconstruction 
of Pulkovo Obsemratory and its branches at Simeiz and Nikolaev. 

The war was not quite finished* but astronomers* jointly 
with architects* worked over plans of Pulkovo Observatory's 
restoration. With a decision of the Presidium of the Academy 
of Sciences of the USSR from 24 October 1944, the Simeiz branch 
was chosen as an independent scientific-investigative establish- 
ment of em astrophysical nature. The profile of Pulkovo had to 
be determined orimarily with astrometrical problems that took 
into account the projects of the reconstruction of the observa- 
tory. Later on life corrected 11 orojects and created that 
profile which the observatory has now. As regards Simeiz, its 
actual apportionment was included in 1945 • On its basis the 
Crimean Astroohysical Observatory was fcimulated, equipped at 
the present time with larger telescopes and situated in the 
Bakhchisaraiskii Region in the center of the Cri .>=ran peninsula. 
Simeiz at the present time is part of the Crimeari observatory. 
With the selection of a plac. ^ for this observatory, results of 
expedition investigations conducted during the war were utilized, 
and supplementary astro-climatic investigations were organized. 
Plans for the creation of a southern astroohysical observatory. 
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which Moscow and Pulkovo astronomers nurtured in the 1920* s 
and 1930*8, came to life. 

Historical for Pulkovo Observatory was a decree oT the 
Council of Peoole's Commisseurs of the USSR of 11 March 19^JJ» 
in which concrete legislative enactments for the restoration 
and reconstructi'^n of the Principal Astronomical Observatory 
were determined. Restoration works were begun in the summer 
of 1945. Pulkovo was made anew. Befoi*e €dl it was necessary 
to clear the territory of mines 2uid live shells which prevented 
construction works. This demanded a great deal of time and 
did not orogress without human sacrifice. Accidents even 
happened in 1951-1952, when shells and mines of different 
caliber and type suddenly went off. However, general observa- 
tions^ were already resumed at Pulkovo cn 1 October 194? with 
the help of the Freiberg zenith telescope (ZTF). The merit in 
this belongs as much to the builders as to the astronomers - 
observers . 

However, all Pulkovo astronomers longed to cegir observa- 
tions. In May of 1945 a large group of the observatory's 
colleagues returned from the evacuation cf Leningrad, in c'"der 

'^Regular observations began on 1 September 1948, since in 
June observations were discontinued on time, and the instru- 
ment was dismantled in connection with the fact that with the 
drainage around the navilion a live shell of large calibe.. 

(405 mm) was discovered. 
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to orcanize two expeditions for the observation of the total 
solar eclipse of 9 July 19^5» One of the expeditions was 
directed. to Mount Ivanova, where observations were hamoered 
by cloudy weather* the other, more numerous expedition (22 
peoole under the direction of V. A. Krat) was situated on 
Mount Sortavala (Kareliia). There observations were made 
with success and supplied abundant material for processing and 
discussion that took twd and afhaif years. 

The staff of the observatory, greatly thinned out in the 
years of war, already n unbered 62 people at the end of 19^6 
(of which 11 were doctors and 12 candidate of science). After 
the re-evacuation, scientific apartments and laboratories^ were 
disoersed to several locations scattered over the central part 
of Leningrad. The dissociation to a certain extent remained, 
but the colleagues had the opportunity to meet ever^ day. 

^The observatory was then systematically subdivided into 
six scientific departments i astrometry (N. I. Iclel’son), photo- 

graohic astrometry (A. N. Deich), time service (N. N. Pavlov), 

• ^ 

astrophysics (V. A. Krat), solar service (M> S. Eigenson), and 
the spectroscopic laboratory (0. A. Mel'nikov). All department 
heads had scientific deerees of a doctor of sciences and ranks 


of orofessor 
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Leninsrad quicKly healed its wounds i life returned to normal. 

An especially gratifying phenomenon was the fact that the 
scientific works accumulated over several years were quickly 
nublished. A sad event of that year was the sudder> death of 
the observatory's director G. N. Neuimin* who energetically 
undertook the reconstruction of the observatory, but prema- 
turely departed from life. 

N. N. Pavlov temporarily directed the observatory. In 

June of 19^7, in compliance with the regulations of the Academy 

of Sciences, the Moscow astronomer A. A. Mikhailov, member- 

cor’^esoondent of the Academy of Sciences of the USSR since 

19^3 (academician since 1964), was selected for the post of 

«« > 

Pulkovo Observatory director. He/ialready known then as a 
versatile astror*>mer, a specialist in the areas of gravimetry, 
ffeodesy, stellar cartography, the theory of eclipses, astro- 
metry, and astronomical instrument making. From 193^ to i960 
he was chairman of the All-union Astron'-misal-Geodesical Society, 
fr'^m 1939 to 1963 chairman of the Astron'^mical Council, and 
from 19^5 to 19^8 vice-president of the International Astro- 
nnr.ical Union. ^ To the end of his directorship A. A. Mikhailov 

^The International Astronomical Union (lAU) was founded in 
19' 9 in Brussels. The Soviet Union joined the lAU in 1935* With 
the organization of the Astronomical Council in 1937 h national 
Cvommittee from the USSR was to represent the latter in the lAU. 
Basic membership in the lAU is collective (members of the lAU 
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had abundant experience as an administrator. More than once 
chosen director, he successfully directed the observatory in 
the course of 17 years. Having left the hi^ post in December 
of 1964, he did not leave Pulkovo, and shortly thereafter placed 
himself at the haad of the astronomical constants department. 

The directorship of A. A. Mikhailov fell i'^; a period of 
exceotioral ly stormy development and an unprecedented upsurge 
of activity of the observatoryi Its restoration, systematic 
reconstruction, the formulation of new branches and scientific 
departments, the birth of experimental astronomy, the building 
of large telescopes, the wide scope of expeditionary investi- 
gations, and the develoranent of international scientific ties. 

The project of restoration and reconstruction of Pulkovo 
Observatory was carried ou. ^ader the direction of the prominent 

make uo a national committee) ; besides this exists individual 
membership. Of Pulkovo astronomers 11 scientists were r.embers 
of the lAO in 1946, and among Pulkovo colleagues at the 1970 
conference there numbered 42 members of the lAU. Conferences 
of the lAO take olace usually every three years. An executive 
committee with the oresident of the lAU at the head carries out 
the leadership with the Union. Of Pulkovo scientists, V. A. 
Ambartsumian was chosen president of the lAU (1961-1964)* A. A. 
Mikhailov, V. A. Ambartsumian, S. V. Kukarkin, and A. B. Severnyi 


were vice-oresidents. 



architect and acadenician A. V. SHCifaisev (1873-19^) • The 
Briullov-tyoe classical features of the aain building were 
nreserved, only the form of the domes on the central part of 
the building being changed. Instead of pol>h^rons of wood. 
«diich once topped the building? itow sta.d three stone towers 
with hernia E^erical metal revolving domes on them. l%e interior 
layout of the eastern. and western buildings was considerably 
alxered. It subordinated the setting of both buildings i tho 
eastern oi» a laboratory, the western one for administration. 
Originally, in pre-revolutionary tines, these were in essence 
living quarters. A sight of the western building is the 
splendid two-color conference room, finished with red marble 
with bas-reliefs of i>rominent astronomers. Russian and foreign. 

In harmonious accord with the main building is situated 
a scientific courtyard with observation towers and pavilions, 
layed out to the sov''h of the main building. On the side of 
the Kiev highway the observatory is protected by a monumental 
cast-iron railing. The entrance to the territory of the obser- 
vatory is designed with portals in Doric style, like the north 
portico of the main building. The portals are ornamented with 
bas-raliefs symbolizing the zodiacal constellations. From 
there the view is at once ooened to the two story building of 
the hotel-hostel (architect D. KH. Enikeev). Encircled with 
stone railings with vase? and flowers, fountains and flowerbeds 
in front of the facade, especially beautiful in summertime, this 
building resembles a Russian country estate of the last century. 
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Asohalt roads connect the auxiliary buildings with the 
business c»olex (the garage* boiler house of the centz^ 
heating systeis* the gas controls* the materials warehouse and 
the workshops) and the living quarters* situated in the eastern 
part of the territory* nie general area belonging tc the ob- 
servatory grounds consists of 150 hectares* (before the war 25 
hectares). A significant part of it is covered by trees and 
shrubs and presents itself like a park in its basic landscape 
style. On the eastern side of the Kiev highway* where a part 
''f the observatory grounds is also situatei* the livii^ quarters 
were built opposite to the entrances south of thea is a gramoar 
school and a large laboratory building* erected in 1963* Here 
is situated the observatory's computer station* with an elec- 
tronic calculating machine "Minsk-22" and a complex of other 
machines* but laboratory aoparatus and new instrumental ideas 
of astronomers and engineers for the means of observations 
are mainly developed and realized here. Side by side with the 
laboratory building are arranged two astro»'omical towers of an 
experimental nature. They are there as if to underscore the 
belonginff of all buildings to the observatory. In short* today's 
Pulkovo Observatory is a whole town* the aopearance of which is 
esoecially impressive to the east or southeast (in the direction 
of Pushkin and in the direction of Aleksandrovk^t) . 

The construction-restoration works on the whole were com- 


*1 hectare = 2.4?1 acres. CTr, 
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pleted in 1953- On« after another of the astrononical instruments 
were a^in out into operation up to their termination! . the normal 
astroeranh (19^) • the rirroz -lens camera system of G. G. Sliu- 
sarev (19^)* a model of the shrcmosohere telescope of S. B. Xoffe* 
manufactured on the basis of nterference-polarizing filters (1950), - 
the completely restored hori&ontal soler telescope (1951)* and 
others* Astronomers witho* t d^tlays began to produce observations, 
tsdcing uo residence in the ccmcleted south wing of the hotel- 
hpstel with provisional heat, without water and sewers. They did 
not complain about the conditloiis of 15 re, but it was impossible 
to call them normal. 

In 19^7 the Pulkovo time service set up work at Leningrad 
University's observatory. As i’ar bacK as 193^-1939 N. N. Pavlov 
developed a method of photoelec ti*ic (autonatic) registration of 
stellar transits, which essentially ^r^reased the accuracy of 
determination of astronomical cxock corrections^ In 1939- 

%he time service took ae form of three sections: the deter- 
mination of the corrections from astronomical observations, the 
custody of time, and the transm^ :»f ion of accurate time signals 
to users. The first of those mentioned was the "weakest section" 
because of errors in the ieteriaination of the astronomical clock 
CG.'rections^ esnecially because of the so-called oersonal errors. 

The introduction cx automatic registration of observations elimi- 
nated these, although it introduced new errors, however, compara- 
tively rore easily lending themselves to calculation. 
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19^1 regular observations with the application of "impersonal* 
registration were produced at Pulkovo. Observations interrupted 
by the war were necessarily to be resumed as soon as possible 
for the purpose of the further improve^nt of the method (in 1947 
N. N. Pavlov was honored with a State: Prise) and were employed 
with other time services. In July of 1953 the Pulkovo time ser- 
vice shifted its base one arK| a half years after other deoartments 
and was safely based at Pulkpvc itself. 

Not long before the transfer of all scientific departments 
from Leningrad to Pulkovo* the structure' of the observatory was 
subjected to reorganisation in accordL with the thematics of inves- 
tigations having changed. Defense thematics were phased out; 
reconstruction tasks were moved away from in the second place; 
first and foremost* observational* I purely astronomical problems 
moved forward. At this time fcr the consolidation of the Nikolaev 
branch, the Pulkovo astronomer lA. E. Gordon was directed there 
in the capacity of manager. In 1948 a new branch of Pulkovo 
Observatory was formulated- the Mountain Astronomical Station at 
Kislovodsk, founded by M. N. and R. S. Gnevyshev. The principal 

problem of the station in the establishment of systematic obser- 
ve 

vat ions of the solar/lby means of a Lyot coronagraph. These obser- 
vations have been carried out since 1950. Together with that 
a whole series of observations of all layers of the Sun was 
organized with optical and radio-astronomical methods. 

At Pulkovo itself the question concerning the equipment of 
the observatory for the measurement of observations was keenly 
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felt* The J^storation of telescopes (like the 15“ end 

30^ihch rafx^ take significant aaterial expenditures 

and would Jttvert ,'^e construction forces^ but the out of date 
equiipMnt ;^uid on the lAole restore astronoaers "aorally*" 
Several orders were supposed to be carried out in the USA and 
in England* wdiere in 19^ 0* A* Mel'nikov and B. A* Orlov went. 
However* it would have proved wore reliable to utilise the oos- 
-sibility of native industry* vhieh already before the war had 
Carried out several experiwents* especially after the wanufac- 
ture'of the large solar telescope. In essence* this telescope* 
with several iararoveaents in its constructionfintroduced by 
P. V. Dobychin* was made anew. Besides that* a idiole series of 
snail and nediun sised instnjnents was nanufactured* outfitted 
not only at Pulkovo* but at other observatories* and vdilch pro- 
vided the possibility of an optical-nechanical industry to build 
up experiments in order to begin the nanafacture of large tele- 
scopes. 

Anong this series is the above-mentioned Sliusarev camera 
(the ASI-4| 0 s: 280 mm* f = 150 cm)* the meniscus telescope of 
Maksutov (MTN-50O1 D - 500 mm* f = 650 cm)* the Ponomarev short- 
focus double astrograph (AKDi D = 100 mm* f = 70 cm)* the Mel*- 
nikov-Ioannisiani quartz spectrograph system (ASI-5* D = 250 mm* 
f = 75 cm)* the Maksutov photoheliograph (D = 100 mm* f = 880 cm)* 
the interferometric heliometer system of the academician V. P. 
Linnik* his stellar interferometer (first model)* and other 
instruments. A large part of all this was the means of astro- 
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physical observations. As regards fundaaental astroaetrical 
problems* as in absolute determinations of the coordinates of 
celestial bodies* for the time being mere revived the "old 
horses*- the large transit instrument and the Struve-Srtel 
vertical circle* and for relative determinations the observatory 
purchased the meridian circle of T«^fer (D = 190 am* f = 250 cm)* 
a more modern instrument than the previous meridian circle of 
Rods old* given to the Nikolaev branch. 

nie estdhlishment of the normal astrograidi at Pulkovo 
allowed astronegatives ("glass plates*)* accumulated for decades 
and preserved in the war years, to be effectively utilized* 
being of great value for the massive determinations of stellar 
proper motions* the theory of motion of planets of the solar 
system* investig ions of multiple stellar systems and planet- 
like comoanions of sth.s* and other problems. The largest 
Zeiss refractor in the USSR (D = 650 mm* f - 1050 cm), also 
established at Pulkovo, was intended for astrophotograohic 
purposes. 

The less all this satisfied astronomers, indeed it could 
not comnletely satisfy the . demands presented to modern 
astronomy. Therefore, searches for new methods and means of 
observations and their reduction continued and continue. Several 
of the instriunents established at Pulkovo were created in the 
optical-mechanical workshops of the observatory 1 the polar 

'O 

telescope of A. A. Mikhailov (D = 200 mm, f = 6OO cm) for the 
determination of astronomical positions, a model of the hori- 
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ftcntal Beridian instnment of L. A. Sukharev* and the coronal 
speetroixaph of !• A* Prokof'eva for observations of the solar 
corcm. Laboratory aeasureBent instruaents and ether equip- 
■ent» created according to the plans of Pulkovo astronomers* 
were especially numerous t the original level trier of L. A- 
Sukharev* manufactured in five copies for different obsex^o.' 
tcries of the USSR* the objective micrc»eter of A* V* Markov 
for accurate photometric measurement of plates* the self- 
registering isoohotemeter of R. N* MiUiel'son* If. F. Kuprevich*s 
instrument for the auttmuatic registering of the solar spectrum* 
the large diffraction spectrograph to the horizontal solar 
telescope (in place of the Littrow spectrograph! * and the 
nozzle to the telescope (the receiver) of A. A. Kaiiniak* with 
ar. image converter. This was only the beginning. If we were 
to enumerate all equipment created in the post-war years only 
in the construction bureau and the workshops of Pulkovo Observa- 
tory* then at first glance it can be said that to design and 
produce new instruments was the fashion. However* of that genre 
works were absolutely inevitable in certain areas characterized 
for the scientific-investigative plan of the observatory of the 
nost-war neriod- 

A new trend of investigations bro i«?ht to realization in 
1952 was the deoartnent of astronomical instrument makirig* 
which was headed up by the prominent Soviet optician* the inven- 
tor of the meniscus system* member-correspondent of the Academy 
of Sciences of the USSR since 19^» D» D. Maksutov (1896-196^) • 
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The department had a great significance for the develojMnent 
of instrument making at Pulkovo* but the main purpose of its 
organisation inrludtsd the working out of technical jobs for 
the erection of a 6-meter telescope* the largest in the world.* 

A well known constructor -of astronomical telescopes was rawn 
to these works* later on a recipient of a Lenin prize* B. K. 
loannisiani* A great roj^e in the works also belonged to 0. A* 
lfel*nikGir II* N* NiUiel'son* to whom was passed on the manage- 
jnent of the department of instrument making after the sudden 
j^ath of D* &• MedESutov* Also then were begun site searches 
for the erection of the future astrophysical observatory with 
the largest telescope* The early action taken was not unneces- 
sary* expedHionary astro«limatic investigations carried out 
under the direction of N. I. Kucherov (1905-1964) took up 
more than ten years. 

Seven scientific departments and two branches (Nikolaev 
and Kislovodsk)* about 90 scientific and scientific-technical 
colleagues (with a general staff of 240 people)* newly con- 
structed buildings and outfitted lataratories* 20 operating 
instruments for the oroduction of astronomical observations 
arei ten having been imnlemented on^y during the post-war years 
of serious investigations- such was Pulkovo Observatory at its 
official openiner after the restoration* At the ?ame time was 
established the “Pulkovo" seismologlcal station- one of the 
best equipped stations of the Institute of Physics of the Earth 
of the Academy of Sciences of the USSR. 


*S*e Sky and Telescope* Mbv. 1977* pp* 356 - 362 * (Ir. note) 
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The ceremonial ooening of the restored Princioal Astro- 
nomical Observatory of the Academy of Sciences of the USSR took 
ola''e in May of 195^- A special session of the Department of 

7 

Physical and Mathematical Sciences of the Academy of Sciences 
of the USSR was devoted to this event* having taken place on 
20-23 May in Lenincrrad and at Pulkovo. Besides members of the 
Deoartment* over 500 astronomers and geodesists from different 
observatories and established countries* Pulkovo builders* rep- 
resentatives of the Leningrad public and academicians of the 
Union of Republics attended the session* and also 4? foreign 
scientists from 18 countries* including the general secretary 
of the lAU* P. Qosterhoff* who read greetings of the then-time 
president of the lAU, 0. Struve, great-grandson of the founder 
of Pulkovo Observatory. Those wh? assembled warmly saluted 
Pulkovo astronomers on the occasion of the second birth of 
their observatory. 


7 

In 1963» from the structure of the Department of Physical and 
Mathematical Sciences, was formed a number of new departments i 
mathematics, general and aoplied ohysics, the department of Earth 
science, and others. The Princioal Astronomical Observatory 
became a oart of the Deoartment of General and Applied Physics, 
which soon after waa vh janal the Department of Ge-.eral Ph/sios 
ani A'trcn.'^'^y . 



TRADITIONS AND NOVELTY 


Pror years later Pulkovo Observatory again received visitors. 

Te»-m 

Iir August of 1958 in Hoscow the conference of the lAO took place « 
the largest of all previous conferences! over 1200 delegates and 
visitors from 35 countries, of them 778 foreign astronomers, who 
showed great interest in our country. The launching of the first 
artificial satellite of the Earth (ASE) in the world, realized on 
4-October 1957» demonstrated the strength of Soviet industry, the 
hi^ level of development of science and "technology in the USSR* , 
For astronomical science this signified the birth of a new area- 
exoerlmental astronomy.^ The peculiarity. of the Moscow assembly 
was such that it happened in the period of the International Geo- 
physical Year (IGY), the most grandiose scientific collaboration 

^Astronomy, the oldest of ^he sciences, for centuries remained 
primarily an observational science. Only meteorites having hit 
the Earth from interplanetary space can be touched. Everything 
else beyond the limits of the Earth remains inaccessible to direct 
study. To bring nearer the means of observation to celestial 
bodies became possible thanks to rockets, automatic stations in 
the cosmos, and piloted cosmic flights. What is more, by means 
cf DOwerful rncketa it became possible to create artificial celes- 
tial bodies. This signified the birth of experimental astronomy. 
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of scholars <rf all countries of the world. 

The foreign delegates of the conference were invited to 
visit Leningrad and Pulkovo. By that time Pulkovo was even more 
rebuilt thanks to the organisation of the station of optical ob- 
servations of the ASE (1957)* and the department of radioastro- 
nomy ( 195 ^) • New instruments were established during the IGY, 

' notable was the construction of the Icr^e Pulkovo radio- 

; ) (IPRr 1956)* the largest radiotelescope in the world 
-trimeter wavelengths. To Pulkovo fell the great honor to 
z?eceive the most notable astronomers in the world within its 
walls. In its guest book* opened by the president of the lAU* 

A. Danjon* appear hundreds ot signatures and notes in many lan- 
guages. A broad opportunity of establishing personal contacts 
with scientists of other countries was presented to Pulkovo 
astronomers in these days, and the establishment of the exchange 
of opinions, the reception of advice and critical remarks on 
the side of the greatest authorities in the world. But the 
criticism was exceptionally business-like and well-wishing. 

During the days of the conference and for a long time following 
it, testaments of thanks and articles filled the Soviet and 
foreign press. So the participants of the conference aporeciated 
the hospitality of the Soviet government, the Academy of Sciences 
of the USSR, and soviet colleagues. 

The wide contact and collaboration through the lAU, especially 
with scientists of ' ocialisc countries, became habitual for Pulkovo 
astronomers in post-war times. Many of them in turn were chosen 
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presidents arMl vice-presidents of different continually existing 

commissions of the lAU. In 1952* the VIII conference of the 

> : . ... - 

MU in Rome* a special symposl^jn* "Problems of astrometry of 
faint stars," was conducted on the initiative of Soviet astro- 
nomers* Reports of the Pulkovo astronomers M. S. Zverev and 
A* N. Delch were presented at it which affected the state of 
the_ problem of the Catalog of Faint Stars (CFS) and wh'ch main- 
tained proposals concerning international collaboration in the 
creation of this actual catalog* The proposals were settled 
by the General Assembly in tfe form of a recommendation of the 
conference to assume participation w5:th observatories in this 
work* Scientists of socialist countries were the first to 
respond* Poland ard Rumania* The Wroclaw and Bucharest obser- 
vatories were included in the general program of observations. 

The prceram of the CPS was recognized as international, but 
organizational arrangements were still discussed in cerresoondine: 
commissions of the lAU. At the following conference of the lAU, 
which took place in Dublin in 1955* a final understanding was 
achieved on the basis of a merger of Soviet and American pro- 
posals* the program of the CPS was consolidated with an inter- 
national undertaking according to the reobservation of reference 
stars of the zonal photoe^raphic catalogs. The cons'i-idated pre- 
pram prr/ided for the observation of over 30,000 stars, the 
C'^ordinates of which were subject to determination from meridian 
observations. In the following several years these observations 
were intensively carried out at 11 observatories of different 
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countries (Washirtgton* Greenwich. Paris, Heidelberg, Pulkovo, 
Nikolaev, and others). Especially inportant remained the or- 
gardzation of analogous observations at; observatories of the 
Southern hemisphere. Because of the very small number of ob- 
servatories in the Southern hemisphere, its sky was more incom- 
nletely investigated than the sky of the tor them hemisphere. 
Therefore, at the XI conference of the lAU, which took place 
in Berkeley (DSA) in I 96 I, a resolution was passed which pro- 
vided hope at the Washington (Naral) and Pulkovc observatories 
in relation to the devel^rjient observations of southern 
reference stars (SRS). Cne of the principal participants of 
this new work was the Chilean expedition of Pulkovo Observatory. 

*t Pulkovo itself, observational work developed in all di- 
rections. After a thorough investigation of the instruments, 
inevitable because of the prolonged interruotion in their func- 
tioning, observers on the large transit instrument and the ver- 
tical circle set about to work on the compilation of the next 
absolute catalogs for the eooch 1955*0. As already stated, the 
new absolute catalogs contained almost twice as many stars as 
the orevicus ones* besides the bright stars of Struve's p' ram, 
fundam’';ntal faint stars were included in the program of absolute 
observations The general number of them was 1046. Thus, h’ 
traditional orogram was essentially renovated and would enta. 
great difficulties for the CFS, which was pivotal for Pulkovo 
astrometry of the oresent period. 

Almost simultaneously with this was begun observations with 
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the Meridian circles at Pulkovo and Nikolaev of stars for the 
international progran* the so-called reference stars 

of the northern sky for the rechservation of zonal catalogs. 
I^lkovo took on itself the determination of the coordinates of 
11,500 faint reference starsi Nikolaev- 10,000 stars. The pro- 
cessing of the observations was carried out jointly at the Pul- 
kovo and Washington observatories. 

nie question must arise • was the inteniational cooperation 
with Soviet astroncanrs in the creation of the catalogs of 
faint stars required, for it, if Pulkovo Observatory only, to- 
gether with its branch at Nikolaev and the Chilean expedition, 
made observations of the whole sky and carried them out in a 
comparatively short time? 

The point not to "seize the initiative"; it was enough 
that it belonged to Pulkovo Observatory. The question, in 
essence, concerns the creation of the foundation of astronomy 
of the XXI century, and the majesty of the problem immensely 
increases resoons Ability. It is necessary to determine the 
coordinates of a huge number of stars with the greatest pre- 
cision attainable in modern conditions. With the point of view 
of the next century the insufficient level of development of 
astronomical measurements could accomodate a laree quantity 
of oarticioants for the work. That is why the greatest number 
of observers oossible was expediently drawn into the work. The 
substantial number of oarticipants raised the accuracy and seed 
up all works. But this is even more imoortant because the 
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deteminations cf stellar proper motions enter into fundamental 
determinations* except for the measurement of coordinates* and 
the sooner the first pert of the orograa is carried out* the 
earlier the second stage can be started- ultimately- the reduc- 
tion of proper motions. In 1964 the number of obse^atories- 
participants in the implementaticm of these tasks reached 25 * 
on the whole globe* in the Northern ai^ Southern hemispheres. 

Pulkovo Observatory solidly retained the ii^tiative hbt 
only in an organisational mode (through a c<»missiQn of the lAO 
and the Astrometrical Commission with the Astronomical Council 
of the Academy of Scierices of the QSSIt)* ^V.in a constant dis- 
olay of a "personal example" im the work. Before all of this 
was the scone of astrometrical and astrophptc^raphic- works* 
the quantity of observations* their reduction* the organisation 
and oroductlcn of observations in the Southern heraischere. Nany 
facts of nc small consequence were dealt with. In 1956 the "Pre- 
1’ Binary Summary Catalog of Fundamental Faint Stars with Decli- 
nations from ■♦■90 to -20" (PFCFS) was produced by M. S. Zverev and 
D. D. Polczhentsev, based on observations over the course of 15 

years at 10 observatories* of which two were foreign- Bucharest 
2 

and Wroclaw. This catalog* computed in a short time soar, with 
the oarticl nation of the Institute of Theoretical Astronomy (ITA) 
in Lenine^rad, made manifest the fact that it had a direct rela- 
tion to the orcblem of the GFS (one more sample for duplication) 

^Transactions of the Princioal Astrcnonicai Observatory, v. 72, 


195 *^ 
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and coBpared with a ramber of the first fundanental catalogs 
directly produced at Falkcwo* Until then the "nonopolies of 
production" of fundanental catalogs belonged to Geraan and 
Aaerican astronoaers (A. Auwers* A. Kopf* L. Boss, B. Boss, 

H. Morgan). 

A year earlier a ccaiolete series of fundanental catalogs 
for one coordinate- ri^t ascension- was coapleted. Biese 
catalogs were the result of processing undertaken by A. A. 

Memiro of the 100-yeeur sequence of ot^^errations (1839-1939) 
on the large transit instruaent.. For the lirst tiae fundanental 
catalogs were created on the basis of observations of great pre- 
cision, oroduced on one ii^truaent. The dream of tf. Struve was 
indeed realised! True, adva.*\cing the plan of creation of strictly 
absolute catalogs of stars, the founder of Pulkovo Observatory 
supposed that this task would be accomplished on one instrument. 
But the task (human practice in the rather wide sense) was 
carried out by many followers of the Pulkovo undertaking, and 
A. A. Nemiro, for the construction of the catalogs themselves, 
of course utilized summarized experiments of other observatories. 
In oarticular, it was advisable to utilize generally accepted 
international values of fundamental astronomical constants, but 
corrections to them were outlined concerning the necessity cf 
imorovement of these conventional values, precisely in the di- 
rection to which they were subsequently changed by the Hamburg 
assembly of the lAU. 

For the determination of astronomical constants a joint 
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arulysis of absolute observations uf right ascensions and de- 
clinations would be especially valuable. B. A. Orlov (I906- 
1963) undertook to ceurry out analogous work on the generalized 
100-year sequence of observations with the Struve -Ertel ver- 
tical circle (aosolute observations of declinations). His death 
in'*‘«irrupted the work, which had not reached the mid-pcint of 
the projected task. The work awaits Suiotter executor. It 
generously returns his kindness, all the more now that, with 
the publication of a new absolute catalog of declinations of 
1?55 (G. S. Kosin. B. K. Bagil'dinskii). material became far 
more extensive and richer. 

One theoretical investigation again merits attention- one 
more fact of the "personal examnle." After the exam ole of the 
PPCFS, over several years it would be possible to set about to 
the construction of a fundamental system of stellar coordinates 
covering the who. s sky. However, for the southern sky the ob- 
servational material was clearly insufficient. Considering this 
drticierwy. Pulkovo Observatory took on itself the completion 
of the processing of absolute observations carried out in 1928- 
1941 at the Melbourne Observatory (Australia), which in 19^ 
ceased to exist. The prooosal concerning their reduction ori- 
ginated from R. Woolley, present' director of Greenwich Observa- 
tory, thrrsugh which all material of observations was obtained. 
The orcsram of Melbourne observations on the whole contained 
stars of the Baklund-Hoff list (almost 2250). and also stars 
of other lists. K. N. Tavastsherna directed the processing of 
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Material • The first part of the work was. coapleted and puh> 
lished in the fora of a separate publication. 

In i 960 the observations of 11 *500 staurs of the interna* 
tional prosran and the absolute determinations of the coordi- 
nates of the 1046 bright and faint stars were completed. Several 
years were required for the final reductioir cf the observations 
and discussion. More quickly of all this was done according 
the works of an international character, regulated obligation, 
and strict time constraints. However, the observers on the 
large transit instrument and the vertical circle almost at once 
were involved in new crucial observations with the aim to deter- 
mine the Dositions of the large planets, "hich was dictated by the 
necessity of a more precise determination of their orbits and 
the theory of their motion, so important for a calculation of 
accurate trajectories of flights of interplanetary space 
stations. The practical significance, of the astrometrical inves- 
tigations regenerated earthly goals s astrometry became useful 
for cosmonautics. 

Together with that a serious oroblem of the further increase 
of accuracy of astronomical observations stood before astron''mers. 
In snite of the fact that the accuracy of the observations pro- 
duced at Pulkovo was sufficiently high* new problems oresented 
scientists the necessity to accomolish a IO-I 5 fold increase in 
accuracy in a single bound. This was possible only on the basis 
of a radical reformation of methods and a complete replacement 
of instrumental equipment. Along this line several works were 
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alrea(ty conducted at PuUtcnro^) -the nanofacture of the horisontal 
aeridian circle of L. A.' SuttareT (at first in the fora of a 
model, then- a working design), the ^otograohic vertical cir- 
cle of H* S. Zverev, the large transit instruaent for the Chilean 
expedition with constructional iaproveaents introduced by A, A* 
Neairo* It is possible to deteraine the subsequent progress 
of the id<^»>|il^ttaj0thodic.8^ and. instruaental character pecu- 
liar to Pulkovo. 

iUiElteed, traditibw^nt Pulkovo Observatory are contained not 
only in an attacluKnt to jeveriH furobleas (for ezascle. the con- 
pi lat ion of stellar catalogs or the determination of astronfnical 
constants), but also in a constant perfection of the methods of 
aporoach to these old problens. Perhaps Struve had not found a 
coaoletely new method of approach to then. This was a particular 
tradition because the novelty inwardly inherent to it was this 
tradition of novelty. However, here is no passion for novelty 
for the sake of noveltyi everything was subordinated to the "vital 
principle" of strictness and accuracy- the principal deaiand of 
the Pulkovo astroaetrical school. 

Let us turn to another traditional problem- the determina- 
tion of astronomical constants. As is evident from the foregoing, 
some astronomical constants are obtained from "themselves," in 
essence, f»*om any number of observations, but still W. Struve 
presented the task of their special determination from observa- 
tions with the trs'-sit instrument on the prime vertical. The 
polar telescope of A. A. Mikhailov served this very purpose at 
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post-war Pulkovo. After iaprotreaents introduced by KH. I. Potter 
into the nethod and the progress of observations (a seaiautonatic 
ctmtrol with the photographing of the circuapolar region of the 
sky. a differentiated neasurenent of tenperature* and a mainten- 
ance of the stability of the instrument) .the processing of a 7 -ye<*r 
scH|uence of observations (1953-1959) resulted in a value of the 
aberrational constant of ^• 4965 * which is extrenely close to 
the value recoaaended by the Hanburg assembly of the lAU ( 2074968 ) • 
Later, in turn, it was based on the results of radio location 
observations of Venus .^carried out in the USSR and USA in I96O- 

1962. 

The aberrational constant was repeatedly detemined at Pul- 
kovo by several authors (V. S. Bedin. N. N. Bakhrakh. N. N. Pav- 
lov. G. V. Staritsyn) from diverse observations, in particular 
from sequences of observations of Hie. tine service. The constant 
of nutation was sufficiently dependably determined froa latitude 
observations. Thus, as a result of the processing of an extensive 
sequence of observations on the Pulkovo senith telescope in I915- 

3 

The radio location of Ve-^us allowed an accurate distance 
from the Earth to Venus to be determined, consequently, to more 
accurately determine the measure of the solar system. As follows 
from the concept of aberratton. an accurate value of the distance 
from the Earth to the Sun and the magnitude of the velocity of 
light gives the possibility to calculate the aberrational con- 
stant. which was done on the basis of radio location observations. 
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19 itL« S. T. R<»rn8kaia (I 886 -I 969 ) obtained a Talae of the 
constant of nutation of 9*20bl» tdiich apwoxiaates the best 
deterainations* for exanole the detemination of B. P. FedoroT 
(Poltava)* and* probably indicated the necessity of a sore 
precise deteminatioa of the international conventional value. 
However* the question concerning the inprovenent of astrononical 
constants is not decided only on -Uie b«5is of astronomical data. 
Copstants are related through their nath^patical dependences. 

An ezsiible of 'tee apst: Slikple comect lcn is the reciprocal depend- 
deuce of the abec^tiofal coastant and the solar parallax. A 
aore conplicated thebry connects tee constants of precession and " 
nutation with tee uass of the Moon. The deteraination of the 
generally accepted values for these quantities can be autually 
in accord. This probleu proved to be exceptionally difficult 
and still renains unsolved. 

tee determination of astronomical constants was closely 
connected with the study of the Barth's rotation. This problem 
acquired a special imocrtance during the I6Y. tee systematic 
study of the Earth's rotation produced twc services- tine aM 
latitude. At the beginning of the IGY both services were "ready 
for action"! the staffs were made up and trained* instruments 
were acquired* observations were produced according to the compre- 
hensive program. Ifith the aim of the investigation of instrumental 
errors and the influence of them on the results of latitude deter- 
minations. a second zenith telescope (the ZTLt D = 180 mm. f = 

236 cm) was established at Pulkovo in 1957* manufactured in 
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Leniiunrad on the basis of constructional plans of V. I. Sakharov 
and !• P. Korbut, fhe idea of parallel observations with two 
seni'tti telescopes* presented anl for the f i 'st tiae realized by 
nilkovo astroncmers* won recognition in a nunber of observatories 
(at Poltava* Kazan * Kitab* then at foreign observatories). 

In 1967 a 19 -yBai^sequence of uninterrupted latitude observa- 
tioRB by neans of the ZfP* started in 19^8* was finished. After 
this tine* covering a idiole nutational period (18.6 years)* 
h8*000 aeasuraKnts of latitude were obtained* a good half of 
siiieh were taken in the 6«.year tine span (1953-1961) of observa* 
tions for the coaprehensive orograa. The "density of observa- 
tioi»* after this tine span exceeded the density of observations 
of 1915-1928 by a factor of two* also carried out for the conpre> 
henslve orogran. But the principal thing was not the quantity of 
the observations. The traditions of Pulkovo were kept sacredly; 
the Pulkovo latitude service produced the best results in the 
world; the accuracy of its observations was almost twice as great 
as the accuracy shown in any of the stations of the International 
Polar Notion iiSmcC (IPNS)» the number of observatories of which 
now taking part is about 40, scattered over the whole terrestrial 
globe . 

Observations of "high density" play an important role in 
the study of short-period variations of latitude. So, from ob- 
servations of 1915-1928 a "daily term" with an amolitude of 0504 
was revealed. The processing of a new set of data, begun by L. D. 
Kostina , led to the reduction of the amplitude of the daily 
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to 07015. This processing was carried out under the direction 
of V. I. Sakharov with the application of a new method* accor- 
ding to the utilisation of a more precisely determined value of 
the aberrational constant and with the calculation of all oossi- 
ble corrections recommended by the Astronomical Yearbook accor- 
ding to the execution of a reform of i960 in the computation of 
the so-called reduced magi^itudes. All results of the processing 
of the new 19-year sequence of observations are still difficult 
to foresee but they undoubtedly will be interesting. 

The results of the observations of the latitude survey were 
regularly communicated to the Soviet center (Poltava) and the 
international cent a rs of the IPMS (Mi2:u54«v«f> Paris). However, 
lat’ :ude obae.vitions for a long time exceeded the limits of 
Durely "o goals." These observations give broad scien- 

tific ro-' erval for the decision of such orofound (in the direct 
and figur<iwiv6 sense of the word) problems as the study of the 
"viscosity of the Earth," or, for example, the interaction be- 
tween the terrestrial core and the mantle of the "solid" Earth, 
set in rotation. So the practice gave birth to a theory, the 
develooment of the theory was subsequently required, more often 
of all of +^he modified oractice, and a new practice suggested 
new theoretical problerr.s. 

Such transformations continuously hao-'ened with another 
astronomical oractice- the time service. According to a number 
of reasons the Pulkovo service was not resumed with radio trans- 
mission of accurate time signals, rather, concerning its activity 
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on the reduction and perfection of methods of the astronomical 
determination of time. There existed the difficult task of the 
assimilation of the "lagging section." Here arose a number of 
almost insurmountable difficulties* which turned out to be quickly 
circumvented, rather than to be overcome, changing the methods 
of combination of theory and practice* With the introduction of 
an automatic method of observations, attention was directed to 
the study of instrumental errors and the influence of surrounding 
conditions on the accuracy of observations. With the works of 
V. M. Vasil *ev, the influence on the precision of observed clock 
corrections of th differences of temoerature of separate parts 
of the instrument was proven, and also the local difference of 
temoerature in the dome. As with other authors, the specific 
role of local refraction and the effect of wind was shown. To 
create the theory, to calculate and introduce correr onding 
corrections in the observations was not shown possible. It 
remained to be attemoted to chanee the conditions of observa- 
tions, in order to decrease errors, of course, having in view 
the determination of a "theoretical state of affairs. 

With this aim N. N. Pavlov ororosed and built a new (in 
the constructional sense) transit instrument (PTI) with thermal 

4 

insulation !nd other imnrovements . In 1959 observations by 


^The Pulkovo transit instrument (PTI) was constructed and 
manufactured in the mechanical workshoos of the 

with the utilization of the main parts from a 
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means of the PTI came to je produced in a large separate dome 
with powerful exhaust ventilation. The flow of air exiting 
through an open hatch of the dome and flowing around the instru- 
ment eliminates local differences of temperature in the dome and 
partly reduces the influence of outside wind. In order to 
avoid local refraction the instrument is raised under the roof 
such that the objective end of the instrument is situated at the 
limits of the dome slit in the presence of the open hatch. 

'f; 

These arrangements curtailed errors of observations almost by 
a factor of three. Such an important practical result influenced 
the determination of theoretical questions in an astronomcial 
as Dec t. 

The high precision of the observations was also the result 
of a res ; Mion of their quantity. The more determinations of 
some magnitude that are produced, the more trustworthy and accu- 
rate would be the knowledge about them. After only 10 years 
(195^-1963) the time service at Pulkovo observed over 82,000 
stars. At the time of the IGY the program of obseirvations produced 
by the Pulkovo service and carried out by many time services of 
the USSR contained about 500 stars. The list of stars was soe- 
cially expanded for the calculation of catalog purposes. At 


Hildebrand transit instrument. Presently the manufacture of 
another, more modern transit instrument construction has been 
comoleted, the idea of which was also introduced by N. N. Pavlov 
and carried out in the workshops of Pulkovo Observatory. 
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this time the collective of the department of time service 
already had gained the experience of the compilat'on of stellar 
catalogs. In the process of the "service** with the photoelec- 
tric method# passages of the same star were systematically ob- 
served# thanks to which it was possible to reveal the errors 
of the catalog positions (for right ascension) of the obsesrved 
stars. The obiectiveness of the method and the repetition of 
the process of measurements allow these errors to be determined 
exceotionally accurately. In such a way eight of the "photo- 
electric catalogs" (F1-F8) were put together, which were dis- 
tinguished by a high precision. Especially valuable was the 
summary catalog of right ascensions of 80? stars put together 
by N. N. Pavlov, G. V. Staritsyn, and P. M. Afanas*eva and 
based on twenty separate catalogs of nine time services of the 
USt-R. The number of observations used in it exceeded 185,000, 
of which 80,000 were produced by the Pulkovo time service. 
According to its precision this catalog exceeds the best modern 
fundamental catalogs by approximately an order of magnituae, i»e»» 
by ten times. 

Cataloffs of stellar positions were a traditional aim of 
scientific investigations conducted at Pulkovo since the lay of 
the founding of the observatory, but in the given case this was 
not an end in itself. As far as observations of the time service 
directly reflect the phenomenon (fact) of the Earth* s rotation, 
tha-^ opens the possibility of study of the means of e;_i My ro- 
tation. "Clock corrections," which were obtained from astro- 
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nonical observations may characterise both the irregularities 
of the motion of the clocks and the irregularities of the Earth's 
rotation. It is necessary only to be assured that the laboratory 
clocks are sufficiently accurate. Until comparatively recently 
there was no such assurance* and the direct method of study of 
the irregularity of ear*b\ rotation by means of a c(»parison 
with laboratory clocks remained inapplicable* although the irregu- 
larity icself was an established fact. 

Thus* from tae theory of tides and tidal friction* elaborated 
by G. Darwin at the end of the XIX century* it followed that the 
Earth must have a secular retardation of rotation. It was really 
manifested in the form of a lack of coincidence of theoretically 
calculated moments of the beginninfr of solar eclipses with the 
factually observed moments, from which the magnitude of slowing 
down was calculated. The secular retiirdation wf.s manifested in 
a erradual increase of the oeriod of the Earth’s rotation (a day) 
which amounts to 0.0023 seconds in a century- the magnitude 
still inaccurate in direct verification. On the basis of the 
theory of motion cf the Moon and several planets with an analogous 
method* i,.e.* ^rom the comparison of orecalculated oositions of 
celestial bodies with observed values* uneven variations of 
velocity of rotation of the Earth in different years were sus- 
oected. The greatest (to 0.004 sec) deviations of period from 
the "normal" re obse»'ved in 1897 and 1920. It was supoosed 
that such variations happened with a "leap" on the side of an 
acceleration or a deceleration of rotation with a gradual return 
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to the noraal teaoo* however* the "leap" itself was not revealed 
at once on account of its ninuteness (the change of the period 
of rotation did not exceed 0.001 sec in 24 hours}* and was re> 
vealed over sone tine as the result of the accinmlation of error 
due to the "abnomal" velocity of the Earth's rotation. 

After the inventi<m of quarts clocks (in the 1930's)* seascmal 
variations of the velocity of rotation of the Barth were disrovered 
with a direct nethod. As it turned out* the duration of a day 
could deviate fron the average value by nore than 0.001 sec* the 
Barth rotating faster in June-August than in Oec^ber eoruary. 
Quarts clocks keot tine mch nore reliably than the best pendulun 
clocks used uo to that tine. The daily chanse of quarts clocks 
d:.d not exceed O.OGOl sec. A new stage in the investigation of 
the irregularity of earthly rotation w^ts begun with the intro- 
duction of the nore accurate* hii^ prev'ision atonic (or nolecular) 
clccks* the first exanoles of which were constructed in 1954-1956. 
The ICY orocran stimulated thes’ investigations. 

ihe orecision of the notion of laboratory clocks is now con- 
fidently controlled with the helo of "atonic standards." Changes 
of the duration of the day on the order of 0.0001 sec can be easily 
re^^icred* if a nethod of comparison is allowed- astronomical ob- 
servations w*“lch give an accuracy of only 0.01 sec. That is why 
this "Intemeoiate link" cane to lag behind* and the success in 
the oerfection of astronomical observations opens the oath to a 
detailed investigation of the irregularities of the rotation of 
the Earth. However, the study of the character of seasonal and 
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niMYen irreculsrlties. especially the cause of tiieir origin* 

«as shorn to be a confusion of ahenonena. fhe French astrcmoner 
A. Danjon ( 1890-19^7 ) attempted to coordinate the uneven changes 
of the velocity of rotation of the DirUi ei'Ui the <mtbursts on 
Vte Sun. observed in 19^ and 1959* or aceonpa’iying phenomena- 
solar eorouscular winds and earthly aagnetic storns. Ihe con- 
nection with outbursts and solar activity has now been donn- 
strated. In earlier works N. Stoyko (France) discovered changes 
of the loi^tttde differences between Europe and Rorth Anerica* 
idiich bore a seasonal character* and also were associated with 
the neriod of sclar activity* Near the ■aTiarv of the activity 
Europe and Anerica were closer* near the aininun further away 
fr(«r^ch other by several neters. 

N. N. Pavlov turned his attention to this curious result 
and confirmed it in modem* moi-c accurate ard more exten:;ive 
material* offering data of observations of time services scattered 
over different continents. What does it mean? Time services 
gather astrcn*>iaical observations and* in the limits of their 
accuracy* systematically register the duration of the period 
of rotation of the Earth. The 'asult shown depends on the time 
of year* the chase of solar activity and* finally* on which con- 
tinent the observations are produced. If the velocity of rota- 
tion of the Earth is registered differently on different conti- 
nents* then before al^ it is necessary to find some average 
velocity, taking into account that fact that all services do 
not observe identical y accurately. The oroblem has many 
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uncertainties* V. N. tavlor attenpted to refine the Material, 
after iriiich he was convinced that the oscillation of the dif> 
fereness of longitude be t w ee n continents did exist* Supposing 
the phenonehcD to be real, he explained the nobility of the 
earthly continents, which is exinressed in their "oscillate*^ ** 
disol»i;aient Aron a relatively average position* This "oscilla> 
tenry notiem* wss: connected with the acceleration or deceleration 
of earthly rotation and. probably, is explained as a result of 
an en^hange ef rotatiemai energy between the earthly core and 
the ataosahere. the condition of idtich is characterised by 
changing circulations, depending on toe tine of the year and 
on stomy processes on the Sun* 

Going further. N. N* Pavlov conpared the detected displace- 
nents of the continents with large earthquakes and discovered 
that the catastrophic Chilean earthquake in Nay of i960, accor- 
ding to European and Anerican tine sezv^ices. was preceded by an 
abnormal shift of the American continent in the direction of the 
South Pole and amounting to 14 meters towards the Chilean coast 
of the Pacific Ocean* Does this not mean that data of the Earth's 
network of tine services (which further amounts to the title of 
"Earth rotation service"), it is possible, some tine can be 

utilised for the prediction of earthquakes? 

Prom the foregoing discourse it is evident that for the 
measurement of times it is possible to avail oneself of other 
periodical phenomena, for example, the motion of the Moon. But 
here also arose the question about the precision of the observa- 
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tionsi as far as the obsenrations would be accurate* as far as 
Icnft intervals can be reliably "Measured off." Of course* the 
sienlficance and the theory of action of the Moon are part of 
this question. Consequently* side by side with the aeasureaent 
of tiae* sm^h observatiom can be used for ^ aore precise deter- 
nination of the theory. For -Utese purposes the positions of the 
Noon are observed bj^' a photographical aethod with a special caaera. 
nie caaera which gave the best results was invented by the aasri- 
can astr' Roaer V. Markowitz. An instruaent of that type was 
aanufactured in the aechanical workshops of the Principal Astro- 
nomical Observatory ; the aethod of observations was wc^ed cut by 
KH. I. Potter. The accuracy of the observations at Pulkovo was 
shown to be hi^. The probable error of a determination of the 
coordinates of the Moon froe cbservations on one night amounted 
to +0:15. 

Observations of the positions of the Moon can also be used 
for geoiesical ourooses for the measurenent of large arcs on 
the terrestrial surface (the distances between remote pcints). 
According to an idea of KH. I. Potter, an exoeaitional astro^raph 
was built in 1962 by the Principal Astrononical Observatory for 
ohotographical observations of the Moont it was utilized in a 
number of exoeditions. For the measurement of the ccor.tinates 
of the Moon on oh^'torraohic -lates, an automatic measuring 
engine was dcoi^ned by N. F. Bystrov, which gives rhe results 
of the r.easurerer.ts on sunch cards for subsequent com )utat ioi'al 
reductior. by means of a com outer. 

Except for ''ur natural satellite- the Moon- observations of 
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artificial satellites of the Earth (ASB*s) are used for the 
■easureaent of large arcs on the terrestrial surface. Created 
by the hands of peoole. these "celestial bodies" are distin- 
guished froa -Ute reaaining celestial objeeta not only by their 
artificial origin* but by other features* in {>articular. the 
quickness of notion on the fiznaaent. The first observatiom 
of 'Uioi presented theaselves an un»ual aatter. The photography 
of their tracks was especially coaplicatedt these were faint* 
but quickly stowing* celestial bodies. Because of their snail 
diaensizms they were faintly illuainated by reflected sunli^t* 
but because of their nearness to the Earth it was only possible 
to observe then in twili^t* when the sky was still comparatively 
light. The effort of photographing the paths *i meteors was 
almost inapolicablet for ASE*s a high precision of the deter- 
mination of their coordinates follows* otherwise the observa- 
tions lose their meaning. 

Originally observations of ASE's were produced on the whole 
by a visual method with the help of a special scope (a small 
telescooe)* possessing a substantial field of view (D - 50 hud* 

11° field of view with 6X magnification). The Astronomical Council 
of the Academy of ScieiK^es of the USSR organized over ?0 stations 
of optical observations of ASE's in the territory 

of the USSR and socialist countries. Such a station* containing 
UD to 20 observers-volunteers* was created at Pulkovo. In order 
to assure the best survey of the assumed route of an artificial 
satellite* observations were produced simultane'-usiy by 6-10 
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obsenrers. The satellite* "picked up” by one of the observers* 
was "attached" to any star observed in the scope at that very 
■oaent* file tiae of the "attachaent" was registered with a 
ciaronogniidi by aeans of a pressure key* The error of tte obser- 
vations froa the best observatories aaounted to o9l in angle luid 
0*2 seccnids of .tiae* Perhaps 'Uiis is too great an inaccuracy* 
if we consider that in one second the travels a distance of 
about 8 kR. 

For the first tiae the {rfiotograohic prograa of an artificial 
satellite (more accurately* the rocket-carrier of the first Soviet 
ASE) was obtained by f. P. Kisel^a. at Pulkovo on 10 October 
1957- by aeems of the short focus astrograph AKD* which subse- 
quently used for systematic observations of AS£*s. But these 
observations demonstrated the necessity of the creation of a 
special earner . with a fast acting shutter. In the capacity of 
such devices light gathering cameras were utilized 

•./jth special mechanisms for the accurate registering of time. 
Althou^ the work for the orgarization of the observations of 
ASE's was orcduced on the whole by the Astronomical Council* a 
larere role in the matter of the improvement of apparatus and 
the increase of precision of observations belonged to Pulkovo 
astron'-mers (A. A. Mikhailov* D. £. SHCHegolev* L. A. Panaiotev* 

B. A. Figaro, G. V. Panova )• The method of reduction of the 
ohotograohic observations of ASE's was proposed by A. N. Deich 
and A. A. Kiselev; the laboratory of scientific photography, 
directed by I. I. Breido, was occupied with questions of the 
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increase of sensitivity of i^otoeaulsions . In I965 the raniber 
of i^otoirt^Dhs of satellites produced at Pulkovo still exceeded 
a thousand. Vie precision of the registerings of the moments 
of observation reached 0.002 sec* and the error in the deter> 
mination of the position of a satellite did not exceed 

Such an accuracy allowed then to avail themselves of obser« 
vatioiffi of satellites for a so-called cosmic triangulation. The 
geodesical connection between two or more points on the Earth is 
accomolished with the help of triangles* the bases of which are 
based on the Earth* and one of the vertices* ctmen.on to all tri- 
angles* is situated in space. This is an orbiting satellite* 
observed from those points which we can "connect*" i.e.* deter- 
mine the distance between them. According to this the main thing 
is the synchronization of observations* then a picture at the 
moment of the observation makes it stationary* which simplifies 
the calculation. The synchronization could have been ensured 
with tne help of soecial geodesical satellites with impulse lamp 
flashers* however* this method is still insufficiently worked 
out. Some methods were suggested by D. E. SHCHegolev and other 
authors* and what it came to is that "mechanical" synchronization 
was replaced by "mathematical" synchronization* i..e^«* the special 
methods in the reduction of observations were not implemented 
quite simultaneously, but were related to a coiwnon scale of time- 
standard time of the USSR. With the participation of the geo- 
desical service* exoeditional stations and many observatories of 
the USSR and socialist countries, the carrying out of a method 



of cosaic triangolation *as done on the sfiace froa the Kiril 
Islands to East Geraany with a general extent of over 10»000 ka. 

traditions instilled by the founders of the observatory 
continue in the area of geodesy. 
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"HIGH MATTERS* Alt) EVERYDAY WORK 

ThA opinion has been expressed tha**.; astronomers occuoy 
themselves only with "high matters-” Undoubted lyt astronomy 
is an Ideological sciencei it to a significant extent is con- 
nected with philcsophy* in particular with dialectic^Wterial- 
isme But before that* to indulge io philosophical reflections* 
it is neecwsary to create a firm basis for them* otherwise they 
cm be shown to be erroneous* Already from previous ci apters 
it is evident that astronomy is also closely connected with 
practical activity of pecD3.et for examole, accurate time and 
coordinates are equally necessary for the orientation both on 
the sky and on Earth* procured as a result of "celestial ob- 
servations'* produced on the Earth. More often of all this role 
of ground astronomy remains unnoticed* and its importance is 
spoken of, although it would seem that half of the scientists 
ani scientific departments of Pulkovo Observatory give principal 
attention orcisely to it. 

The other half (astrophysicists, radios tror.omers, rather 
than stellar astronomers) is more closely contiguous to "high 
matters," as far as it is connected with observations of astro- 
nomical phenomena and it is possible to say "performs discoveries." 
Howover, to "discover a new star," or "coun"*" stars on the sky," 
to measure the distances to them, to broader the frontiers of 
the surveyed universe, to discourse about the goings-on of the 
world, is not at all a simnle matter. In order to discover 
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something new in astronomy* as in any other cirea of accurate 
knowledge* one erenerally has to be«rin with a creation of appa- 
ratus- Of course* modern telescopes are constructed and manu- 
factured chiefly by factories* but not without the participa- 
tion of astronomers* who still "nurture the idea" to the expres- 
sion of the thought concerning the construction of new equipment 
end work out the method. Then* after the realisation of the 
idea* a thorough investigation of the instrument and the improve- 
ments of method* rrclonred observations and the processing* 
labor-consuming to them* falls to the share of astronomers. 

The division of labor was a natural phenomenon. Collective 
investigations were especially fruitful, but in the collective 
not everyone has to collide with a "high matter." Nevertheless, 
an astron''mer looks on it like on a working topic, without shy- 
ness* in exactly the same way as a worker of any other profession 
considers a tooic of his activity. 

Let us return to photographic astrometry. Laying the foun- 
dation of this area of science, S. K. Kostinskii determined its 
program for Pulkovo more than decades ahe^d. A disci ole and a 
successor of Kostinskii, A. N. Deich completed in 1942, and in 
1947 published, a discussion of a catalog of proper moticns 
of 18,000 stars. Besides an ordinary (for such investigations) 
determination of the direction (aoex) ard velocity of motion of 
the Sun in space, A. N. Deich deduced the so-called secular paral- 
laxes of various grouos of stars, which allowed the distances to 
them, their true luminosity, and the total absorption of light 



in galactic plane to be eetinated. Significant was the 
dlecoaery of a new eubclaes of stare- eubdwarfe* the naae of 
which was suggested by the Aaerlcan astroncuMr 6* Kulper* idio 
also discovered thea and earlier published a short note hlanelf • 
According to identical proper notions* A* DeTch revealed a 
significant quantity of double stars and discovered that* of 
every 33 stars* one turned out to be double* The question is 
c<mcemlng the widely separated stars not observed visually In 
the fora of doubles* but presenting theaselves as {diysi^ally 
connected pairs* or wide stellar pairs. ^ 

^The nearest stars to the Sun* Alf^ and Proxiaa Centaur 1* 
are an exanple of a wide stellar pair* nie first- Alpha- is 
Itself a visual double with a dlstarwe of 17*6 between the eon- 
ponents and a total lualnosity of alnost 0 aagnitude* The second- 
Proxina- is a star of 11th aagnltude* displaced fron the bright 
pair by an angular distance of 2^ 11* . It was discovered in 
1915 by R* Innes ( 1861-1933) • the director of the observatory of 
Johannesburg (South Africa)* on the basis of the total magnitude 
and direction of proper notion. A subsequent neasiuement of the 
parallax of Proxina eonfiraed the presence of the physical con- 
nection of it (through gravity) to Alpha Centaxiri* After the 
discovery by Innas* Kostinskl^ put together a special program 
of photographing bright stars and their surroundings with the 
aim of revealing wide stellar pairs. 
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The "first epoch" plates of Belopol'skii and Kostinskii 
now acquired a greater value* With the establishment of the 
normal astrograph in the postwar period, a second series of 
plates came to be obtained with a difference of epochs of 
50-70 years with regard to the first series* The richest 
material for the determination of stellar proper motions was 
obtained, and the study of the motion inside star clusters and 
gaseous nebulae (according to the illuminated "nodules" on 
photograohs of these remote objects)* Only in the postwar 
years were prooer motions of several tens of thousands of stars 
determined, the determinations being distinguished by a high 
orecls^on thanks to the gre difference of epochs* An exten- 
sive investigation was carried out by V. V* Lavdovskii* The 
prooer motions of 13 open star clusters and the stars in the‘r 
environs were studied by him; over 14,200 stars were measured. 

Data of modern three-color colorimetry of stars was drawn to 
the investigation* As a result, not only the peculiarities of 
the motions were studied, the measure of the clusters and the 
quantity of stars in them made more accurate, but the composi- 
tion of the "stellar population" of the clusters was also revealed* 

The study of the proper motions of globular clusters was 
undertaken by N* V. CamalcT (1914-1954)* Globular star clusters 
are the most remote objects of our gal.ixy, and their proper 
motions (angular disnl^ipements on the firmament), in spite of 
the relative"*^ large space velocities, are very small; none the 
less the result was shown by GamalaV that with a large difference 
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of enochs such measurements make sense. Z, I. Kadla success- 
fully continued the work. A <?rouo of students of A. N. Deich 
(6. V. Akhundovat N. M. Bronnikova. L. /. ZHukov* L. S. Koro- 
leva. A. A. Latypov, A. B. Onegina* 0. K. Orlova) occuoisd 
themselves with a determination the proper motions of vari- 
ous objects, includiner* for example* such things as stellar 
associations, and. |£^a|i0tary nebulae* for which expansion is 
characteristic . 

The investigation of the star 6l Cygni was especially 
interesting on methodological and ideological grounds. The 
ohotograohing of this double star, possessirig a rapid proper 
motion, was begun at Pulkovo by means of the normal astrograph 
at the end of the XIX century. Thanks to the perturbations in 
the motion of a component of 6l Cygni. a dark, invisible com- 
panion of it was suspected. Only in 1943 did the American 
astronomer K. Strand manage to calculate the perturbing mass 
of this c inion. which was shown to equal 0.016 solar masses. 
Strand had available a comparatively small number of observa- 
tions. and at ?’*1kovo material was accumulated over 60 years. 

A. Deich cairied oul the reduction and analysis of all 
material and confirmed the existence of the invisible companion 
from one (just from the brighter) of the components of 6l Cygrrd 
w:th a mass of 0.012 solar masses and period of revolution '^f 
4.9 years. As far as the mass of the companion of 6l Cygni only 
exceeds the mass f Juoiter by a factor of 11, it can b' regarded 
as a planet-like body. In this way the possib\ Lity of the exis- 
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tfcnce of other olanetary systens was deaenstr-ited . In aoderr 
t!r>es the presence of otanet-like bodies is establish^ or 
susoected for at least a dozen stars. 

Observations with the normal astro^raph continue. Another 
Dh''to3ranbic instrument- the 26-inch refractor- has a similar 
nr-^sram. 3y means of it open star clusters* stellar associa- 
tions and their nuclei, and stars with invisible oompanions were 
systematically ohotoeraphed, and a principal part of the program 
‘nclurles the de terrain?* t ion of triffon-^metric parallaxes of stars 
and the photoaraphine of double stars with the aim of a study- 
of the elements ox their orbitr. The instrument was improvedi 
the aut'mation of the observations took rooti this happened with 
the di'iect particioation of the observers I. I. Kanaev, A. A. 
Kiselev, and 3. A. Pliugin. Their names pr'>bably will be remem- 
bered through many decades, such that with sratitude they are 
called the a obst /ers od the normal astroirraph. 

Also, it difficult to imagine Pulkovo after fifty years, 
st'li anonast i .s^ruments of the future there still will be such 
archaic" tei. - j-s as the 26-inch refractor, the attitudes 
t-'war:s whir'h will be the -ame as it is r.cw tov.-^rd the normal 
astr-'-nra-'- . ?.‘-:vertnele5S, the normal astrcsTaph still has 
served for a I'.nir tine. Works f . r the oroDleu of the Catalog cf 
Faint itar-i orosented themselves '.vith a iru .rantee to it. With 
the n ral astr-'^'^anh ‘.vas nr'-duced the ;hotc ■'raohina of "areas 
with galaxies" with the aim of subs*^]uent utilization for 
ruction ''f an 


c • 


absolute 


system 
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of stellar orooer notions. On the basis of extensive Material 
A. N. Deich* Y. Y. Lavdovskii, and N. Y. Fatchikhin put together 
a catalog of 1500 galaxies in 157 areas 2° X 2^ (the field of 
the n'>mal astrograph) from the North Pole to -5° declinationi 
of then 600 galaxies were shown to be suitable for accurate 
astrometrical measurements. The accumulation of plates "of the 
;r^t' epoch* was conoleted in 1958 (in all 900 plates obtained) 1 
for olates of the second epoch of tine, it is •'essible, it is 
still to be dcnet the more the decades pass, the greater the 
accuracy of the subsequent measurements. However, it was of 
interest to obtain them for the observers themselves althcuc^ 
it would be a orelirainary result. Therefore, the repeated 
ohotorraphing of the same areas a^d the joint measurement of 
*he nlates of the first and second eoochs has alre dy beaun. 

Works acq*iired not only an all-union (Moscow, Kiev, Tashkent), 
but an international, character (Bucharest, Bordeaux, Toulouse, 

San Fernando, Shanghai, and also cbserv. :ories ir. the Southern 
henisoherei Santiago, Perth, Cape, LaPlata and Cordoba). With 
the establishment of the new astrograph in Chile Pulkovo Obser- 
vatory obtained factual material over the entire sky. 

The other part of that errand lose work was the observation 
of minor olanets for the orientation of the system of coordinates. 
A larffe group of observers systematically produced photoeranhs 
of selected minor plai.. uS with the normal astrograph at Pulkovo 
(since 1949) and the zonal astroKraoh at Nikolaev (since 1961); 
the results of the observations are oublished in the form of 



preciss coordinates of the planets in Soiriet and international 
circulars. The participatiTon of obsenratories of the Southern 
heaisphere is also ass>iaed in this work. 

At restored Pulkovo i^otographic observations of the o«ter 
planets of the solar systea> Uranus* heptune* and Pluto- were 
res'ned. In connection vith the developaent of cosaonautics 
and the necessity of a sore precise determination of the orbits 
of tho larfre olanets* atteoots were Bade for the determination 
of the coordinates of the bri^t planets (Venus and Mars) with 
a irfiotosraphic method* which before gave results essentially 
lower in precision than meridian observations, nie special 
method* apolied by f. P. Kiseleva for the observations of 
Kars* produced the desired results the accuracy was shown to 
be ev-iT. soueidiat h'o:her* in comparison with meridian observa- 
tions. Astrophotographic observations and measurements were 
utilised* for exarnle* for such oroblems as the decision of 
the question about the asymmetry of the discs of the planets 
Jupiter and Saturn (KH. I. Potter and fi. N. Strugatskii ) * which 
gave* however* a negative answer* in spite of the assumotions 
of If. A. Kosyrev coriceming the asymmetry of the form of the 
northern and southern hemisoheres of the rapidly rotating 
olanets. The study of the form of the Earth* on the basis of 
an analysis of the orbits of artificial satellites* ap:5aref.tly 
confirms tnis assumntion* exoressed long before the apoearance 
of ASE*s. 

W’e now consider astr'^nonical problems in real earnest* 
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nte interest for the nearest celestial bodies- the Moon and 
planets- first weakened, then grew in relation to the develop- 
■ent of the aeans of observations. At the present Gonent it 
is inoossible to speak of its slackening, but several works 
of Pulkovo astron<»ers in scMie neasure anticipated the advance 
of the cosmic era. Before all it fellows to mention the works 
of A. V. Harkov (1897-1968) and his group (N. S. Orlova, E. K. 
Kokhan, lU. N. CHistiakov and others) on the investigation of 
the physical characteristics of the lunar surface on the basis 
of comparative ::^otometry, polarised and radiometric measure- 
ments. as a result of vdiich the deduction about the temperature 
of separate formations, the roughness of the relief and the 
characteristics and aee of lunar rocks were procured or deter- 
mined more accurately. These investigations acquired a soecial 
significance in ctmibination with the radio location of the Noon 
and radio astronomical observations produced at Pulkovo under 
the direction of N. L. Kaidanovskii. 

In i 960 an interesting collection, "The Noon." was oublished 
under the direction of A- V. Markov, which enriched methodological 
questions and results of ground observations. In December of 
that seme year the lAU, imparting a soecial significance to the 
achievements of Soviet scientists, organized an international 

syrnoosium at Pulkovo which was devoted to investigations of the 

2 

Moon. Of course, the principal thincs in the notice of the day 


2fhe materials of this symoosium were oublisheU by Pulkovo 
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rere the reports concerning the results of the photography of 
the back side of the Moon by aeans of the third Soviet inter- 
olanetary rocket* vdiich vfas <ai>nched on b October 1959 and which 
later received the naae •I«na-2." In the deci^ering of the 
first ohotographs of the surface of the Noon invisible to the 
Earth;)Pulkovo astrononers assuaed participation (A. A. Mikhailov, 
A. V. Markov* I. I. Breido* O. E. SHCHegolev) . Later on they 
also oarticioat(;d in the processing of the photograi^s obtained 
by the space orobes ■Zond-3»" “Iuna-9*" and •Luna-13 •“ 

almost 

It se^Kd as if ground-based astronoay would have ;\ nothing 
to do in relation to the Noon* especially after flights of peoole 
to the Moon. However* such an opinion is not quite correct* and 
the works of the Pulkovo astronomer H. A. Kozyrev proved this. 

On 3 November 1958* while taking observations at the Crimean 
Astroohysical t senratory by means of the 50- inch reflector* he 
disrov;#red a ohencraenon which was interpreted by him as volcanic. 
The search for active processes and changes on the Moon was 
carried out during all periods of telesco ^ic observations* but 
even in the last century the ooinion was established that the 
Noon was a dead body. Convinced of the activity of the Moon* 
Kozyrev persistently sought an indirect manifestation of interior 
orocrenetic forces* in oarticular* igneous gas from the interior, 
tne emereence of which on the lunar surface can be observed with 

Observatory in Russian under the general editorshio of A. A. 

Mi’- .ailov.- New things concerning the Moon. Moscow- Leningrad, 

1963. 
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a soectral method. The unique spectroFram obtained by him pre- 
cisely testfied to that phen<»ienon. His interpretation was called 

\ 

into question for a duration of ten years. Orly iii^eceaber of 
1969 did the Connittee for the Business of Inventions and Dis- 
coveries of the of Ministers of the USSR award N. A. Kosyrev 

a diolona for the discovery of lunar volcanism. and in October 
of 1970 the International Academy of Astronautics rewarded him 
their gold medal with imolanted diamonds portraying the constel- 
lation of Ursa Major. 

Bs*^ entially* N. A. Kosyrev introduced something new into the 
investigation of olanets. For example* for the sx'idy of the chemi- 
cal coraoositlon of the atmosphere of Venus he proposed (1953). to 
observe the spectrum of the luminescence of its dark side* i,.e. » 
that part of the Cytherian atmosphere which is situated above the 
clnuds escao'ng from the lower atmosohere and surface of the planet. 
In this w£iy he detected nitrogen in its atmosphere* the presence 
of which was confirmed with the direct investigations of the 
inter olanetary orobes "Venera-4'*-"Venera-7** with the entry of 
them into the dense atmosphere of this mysterious planet. In 
accord with the observations of Kozyrev (195^) and his interpre- 
tation* the Dolfir caps of Mars to a significant degree present 
themselves as atmosoheric formation (snow clouds). Later on 
other olanetary exoeriments confirmed this. 

The articles of Kozyrev, side by side with the results of 
the observations, contained profound and elegant theoretical dis- 
co’j^'^o*-S , without the cumbersome calculations given to original 
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treatments. Thus* he theoretically proved (I963) the possibility 
of the existence of a rarified hydro^ncus atmosphere for Mercury* 
althouich his observations in favor of the proper theory called 
into question other authors who spoke of an atmosphere of carbonic 
acid. Observations and theories of another type* the wrong way 
around* have stood the tests. The question here is one of the 
observations of the rings of Saturn (I968). Kosyrev detected 
water vapor in their presence and explained this as a phenomenon 
of photosttblimation- the rarification of a crystal lattice of 
ice* a fraction of which makes up the rinss of Saturn* under the 
action of ohotons of solar radiation.^ The work of Kozyrev stood 
in contradiction to the investigations of the American astronomers 
G. Kuiper and D. Cruikshank* who interpreted their observations 
as the oresence of ammoniac ice in the r^nas. However* at the 
beginnina of 1970 these authors rescinded from their previous 
interpretation and came over to the explanation ccmoletely corre- 
sponding with the results of the Pulkovo astronomer. 

Kozyrev carried out his observations with the use of the 


instrument^ of the Crimean observatory. Because of the white nigh ts 
in the summer* partly also because of the low altitudes of planets 
above the horizon at times favorable for observations* large tele- 
scopes were unsuitable to be established at Pulkovo. They are 
situated in southern states. 


3 


The concent and term 


"photosubllmation" 


has not been used 


in ohyslcs until now 



Observations in the Crimea allowed A. A. Kaliniak* another 
Pulkovo astrophysicist* to carry out a highly complex invastiga> 
tion of the 6a7*lean satellites of Jupiter in search of atmos- 

|l 

oheres suspected for them* The search was carried out by means 
of a specially constructed spectrograph in combination with an 

O 

image converter. In the neighborhood of wavelength 5300 A (the 
visual portion of the spectrum) in the first three satellites* 
and especially clearly for Ganymede* spectral lines were observed 
which did not belong to the Fraunhofer solar spectrum. Their 
appearance could relate to the cauLculation of the presence of 
atmospheres of the observed satellites* although for a number 
of reasons a question concern! ? their atmospheres still remains 
to be resolved. 

The use of image converters in the capacity of receivers of 

^The four bright satellites of Jupiter (lo* Europa* Ganymede* 
and Callisto) were discovered by Galileo in l6l0. The dimensions 
and masses of three of them (Europa excepted) exceed that of the 
Moon. In particular* Ganymede is greater than the Moon by more 
than a factor of two in mass and almost one and a half times in 
diameter. This circumstance and several others led to the idea 
concerning the oossible existence of atmospheres for them. 
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light extended the possibilities of telescopes. Thanks to the 
transformation of a beam of light into a flow of electronSf it 
is oossible to transmit invisible radiation (for example* infra- 
red radiation with wavelengths to 1*3 microns)* for which ordinary 
plates are insensitive* into a visible radiating image. The lumi- 
nescence can be intensified* dispersing electrons with an electric 
field* Ddi'ch even niore so can extend the power (aperture) of the 
telescooe. Especially advantageous is the direct action of 
electrons on the film located inside a vacuum tube* where the 
electron flow forms. The laboratory headed up by A. A. Kaliniak 
worked over this in the course of a number of years. As a result 
of orolonged experimental searches the cor^truction of an electron 
camera for inter-vacuum photogi.tohy worked out* which markedly 
differed from the camera oi ':5. i>illvmap:* (France)* the first to 
create a device for that purpose. 

An analogous effect led to the application of television in 
astronomy. A transmittine tube (IR-vidicon) located at the focus 
of the telescooe reforms the invisible IR radiation of a luminous 
body into a visible image on the screen of the television. The 
electronic scheme allows the brightness of the image to be inten- 
sified. To some measure this is equivalent to the enlargement of 
the entrance aperture of the telescope. Photographing the Moon* 
more c-^rrectly* separate details of it by means of a television 
system* N. F. Kuorevich achieved a total increase of the intensity 
of the image by a factor of 300 * which allowed the exposure tc be 
shortened (to 1/50 sec) and which also allowed the influence of 
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atao8Dh«ric turbul«ne« to bo roducod* But the Boot important 
thing consisted of the fact that television observations of the 
Noon in infrared rays (about 2*3 microns) led to the visible 
increase of the relief of the images. As is well known* the 
relief and contrast of the images at full moon are washed out 
at visible wavelengths. The effect of relief (also at full moon) 
probably happens on aeeo*mt of extra infrared radiation (lumi- 
nescence) of separate details. Vith this the appearance of 
details on the television of infraivd phonographs is explained* 
which are not observed on ordinary idiotographs of the Moon. 

Works on the Installation of television technique in the 
carrying out of astronomical observations* begun at Pulkovo in 
1956 * have attained a broad scope at the present time. One 
channel and two channel television telescopes were constructed 
which were successfully used for observations of celestial bodies* 
the study of the characteristics of atmospheric disturbances 
and the creation of an automatic system for the struggle against 
them. L. Lentsman worked out the method of intensification 
of the contrast of television images of faint details for the 
decrease of internal apparatus complications* l.e. • far the 
increase of the signal to noise ratio. Having shown a positive 
result with testing under laboratory conditions* the method 
promised much in the discernment and detection of objects* which 
were blended with the diffuse background of the sky. 

The results of radio astronomical observations of planets 
are of special interest. With the heli of the large Pulkovo 
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radio telescooe (/^S) in 19^2$ observations of Venus and Ju'iter 
wei'e undertaken at waveleneths of 3 and 10 cm with the aim of 
studying? the distribution of "radio brightness" on their disks. 

For Venus this was equivalent to a resolution of where its radio 
radiation comes from* to which a high temperature (about 600 
corresDonds. If its surface is heated, then the radio brightness 
must increase toward the center of the disk; if the radio radia- 
tion results from the atmosphere (ionosphere), then the "bright- 
ness" must increase toward the edges. However, the resolving 
power of the LfR is 1* (at 3 cm wavelength); such a value is much 
greater than the visual diameter of Venus. In order to obtain 
the distribution of radio brightness over the planet's disk, lU. 

N. Pariiskii developed a special method of exposing small varia- 
tions from a uniform distribution. A low-noise parametric (molecu- 
lar) amolifier, constructed by D. V. Korol'kov and G. M. Timofeeva, 
was used for the observations. A decrease of radio brightness 
toward the ederes of the disk was established by the observations, 
which corresDonds to a heated planetary surface. This result "as 
announced to the Scientific Council of the Astronomical 

in November of 1962, months before the American orobe "Mariner-2," 
which flew close by Venus, established the same fact by direct 
measurement of the distribution of radio briffhtness. Observations 
of Ju>^iter delivered much information concerning the means of its 
radiation zones. Later, in 1967, with observations at millimeter 
wavelengths, a still greater resolution was reached, thanks to 
which data about the distribution of the radio brightness over 
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the Cytherean disk were gathered together with yocket orobes 
and were of much higher quality. For Jupiter, interior zones 
of radiation and a temperature gradient in its atmosphere were 
discovered. 

The creation of a powerful experimental base in an astro- 
physical lab-:rat''ry can promote the development of planet^iry 
and other astrophysical investigations after its construction 
and the putting into oneration of new equipment. In particular, 
a functioning 100-raeter gas tube is to be utilized for the model- 
ing of olanetary atmospheres and the study of the spectral charac- 
teristics of gaseous mixtures with the registration of selective 
absorotioni when light passes through them, variations of pressure 
and the attainment of a large number of passages of light beams 
through the mixture which are studied give the possibility of 
imitating the atmosoheres of planets and comparing the spectra 
obtained in the laboratory with spectra of the planets themselves, 
for the establishment of their chemical composition, trustworthy 
information concerning which is had only in relation to Venus, 
thanks to direct investigations of interplanetary probes.* At 
the present time extensive data have already been obtained (L. A. 
Mitrofanova, V. D. Galkin, L. N. ZHukova) concerning the behavior 
of the absorption lines of atmospheric oxygen with different 


♦With the landing of the American orobes Viking 1 and Viking 2 
on Mars in the summer of 1976, analogous data for the Red Planet 
are also available. (Tr. note) 
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pressures and different ootical deoths. i«e., with the change 
of the general path of light passage in the tube by means of 
repeated reflections# the number of which has now reached 20, 
which signifies a 2 kilometer depth of gas. 

In Dost-war times, thanks to the energetic activity of 
V. A. Krat, who headed uo the Pulkovo heliophysicists, a wide 
ranere of investigations of the Sun was carried out.^ In ohe 

5por an understanding of terminology connecte’ with solar 
investigations, we are reminded of several terms about the Sun. 

The Su'’ presents itself as a gaseous sphere with a diameter of 
about 1,400,000 kilometers. Being of gas, the substance of the 
Sun, however, is highly opaque i observers possessed with various 
means penetrate to a depth in it of not more than 400 km. There- 
fore, the solar disk precisely appears to be sharply outlined. 

The visual diameter of the Sun amounts to 1920", hence, 1" = 725 
km on its surface. The external border of the sohere (about 075) 
aooears s^'mewhat darker at the ed^e of the disk because of the 
fact that the edge rays pass through a significantly greater 
thickness of eas than the central rays. The luminous surface of 
the Sun is called the ohotos'here. Its average tem^^erature is 
6000 °K. The ohotosohere is heterogeneous; it is com'^letely made 
UD of luminous spots, spread out like a view of "rice grains" 
affainst a dark back/rround. This heterogeneity bears the name of 
granulation. Sunsoots and faculae (long luminous formations) 
also have to do with the ohotojphere . f/i^ber than the basic surface 
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yearc of restoration of the observatory attention was con- 
centrated '^n the completion of the processing of m&.terials 
from 1936 - 19^1 and the observations of solar eclipses w’th 
the help of preserved equioment. Except for the eclipse of 
1945 * exoeditions were organizedi to Brazil (194?)» to 
CHlili in the Kazakh SSR (1952)* in the Southern Caucasus 
and in Kuban' (1954). Several expeditions only partly 
carried out their orofframs. For example, in Brazil, 


are situated layers (at about 7000 km height) which can be observed 
only under special conditions (a. the times of a s^lar ecl’pse or 
with the use of special apoaratus) and visually appear like "fiery 
ffrass" of red light, which is called the chromosphere. Above it 
aonear the nrcminences (ejections of material), which reach alti- 
tudes of 50-100,000 km. The outer envelope itself is the solar 
c'-'r'^na, hwing a radiant texture. Observations of prominences 
and the corona also require soecial aooaratus. 

K''Owledp:e about the interior of the Sun is ?iven only by 
theory, but its conclusions le-'d themselves to practical verifi- 
cation. The temperature of the center (about 20 million dor'rees) 
results in thermonuclear reactions, which represent the 3''urce of 
S'lar energy. The transfer of energy from the interior to the 
surface of the Sun ahn-^ens by means of radiation, although theo- 
retically the existence of a skin-deep zone of convection just 
under the ohotosohere has been ■'roven. Ma-^y authors have written 
that it carries a'^ay the oh"tos'here and granules ore-ent ther- 
selves as separate "convection elements." 
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because of cloudy weather* it was prooosed to carry out only 
radio astronomy observations* However, the preparation for the 
exoeditlon and all of their organization demanded* in any case* 
much time ard eneray* 

The orocessina of materials of observations obtained at 
Pulkovo until the war* and in Tashkent during the war* led to 
the soelling cut of a series of articles on the investigation 
of sunsoots and faculae (T. V. Krat)* prominences and filaments 
(V. K. Kucherova) . and luminous flocculi (V. N. Zuikov). 

^Filame^ts are orominences projected on the solar disk which 
are observed under definite conditions in absorption (as dark for- 
mations); at the edffe of the solar disk prominences are observed 
in emission (as luminous formatlcnol, Flocculi are extensive 
luci'nous formations in the chrom''snhere, sometimes called chromo- 
s-'he"ic faculae* but which are observed in mon-'chromatic light* 
for exarr.'le in the lines of ionized calcium and hydrogen* then* 
as Dhotos’'heric faculae, are visible in ceneral (inte^rat '^) light* 
Ph''to°Tanhs of the solar surface* obtainea In non'chrcr -t .c licbr* 
are callo-" soectrohel ' offrams. Filaments and flocculi appear on 
orcalsely such photo "raohs. Of course* a spectrcheliogram shows 
the fea^ur‘-'S of the distribution over the disk of the Sun of that 
chemical element in the rays of which it is taken* on accnunu of 
whicn s^lar forroaticns tnemseives obtain the names of calcium or 
hydroire'-ic flocculi or filaments. 
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Observations of eclipses were utilised for the study of tite 
chroaosfAere and cor''na. V. P. Viasanitsyn (1908-1960) carried 
out a thorough investigation cf the chroaosohere froa aaterials 
of the eclipses of 19^1« 19^5* and 1952* obtained with the large 
prisB camera with the phctosraohing of so-called solar flares 
(the the B<»ents of the interior contacts of the lunar a*vl sclar 
disks during total soliir eclioses).^ These were spectra of the 

^"Flares* near the second and third contacts of an eclipse 
consist of the sudden transforaation of the dark Fraunhofer lines 
(which characterise absorption) into bright eaission lines. The 
layer in which such a transforaation takes ol»ce was earlier 
called the "reversing layer"; accordlne to modern notions* there 
is no intermediate layer wnatever between the photosphere and 
the chromosohere, rather* the reversing of the lines takes dace 
nrinci Daily in the lower chromosphere. 

The term "flare" (for an ecliose) must be distinguished frc-i 
a similar* outwardly sometimes identical term* *chr<»aos 'heric out- 
bursts" or simdy "outbursts." Chromes pi.eric outbursts (in populs . 
literature they are often called "explosions on the Sun") can be 
nicked out on soectroheliograms taken in the line of hydrceen 
as the brightest formations on the Sun which do not exist for a 
or-'lcn^ed oeriod. They are observed by means of scectrohelio- 
scooes or soectral telcscooes* which are furnished with an inter- 
ferometric-polarising filter (IPF)* intended for the passage of 
monochromatic light (in a narrow wavelength range) in the lino of 
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■ost axtemal layers of the solar ataoaphere* basically the 
chroaost^ere. All aaterial was inrestiitated with particular 
thoroughness and Pulkowo^style conscientiousnasa* irtitch allowed 
▼aluable data eoncemina the physical conditions in tne chroao* 
S'>here to be extracted. This very aaterial was used for a 
8cectro{dtot(»ietric investigation of proainences (V. N. Aulkor) 
and for the ohotoaetry of the green line of the solar corona 
(T. V. Krat)» idiich resulted in the discovery of fomati<ms in 
lower parts of the corona* later on callod *coronal condensations.* 
In the observations of the eclipse of 1952 T. A. Krat utilised 
a slitlcss meniscus diffraction^prisa spectro^Qraph of his own 
design and carried out absolute spectrochotcaetry of the chroao- 
s'here. The rhot<»etry of the solar corona* according to direct 
olates of it at the tiae of the eclipses of 19^5 and 1952* was 

i 

earned out by A. V. Markov and N. N. Mikhelsou* for *diich a 
soecial isophotometer wr.s constructed for this nurpose. In 19^8 
N. P. Kuorevich constructed an instrument for the autoaatic regi- 
stration of the profiles of the ''ines in the jolar scectrum- a 
chotoeleetric soectrophetoneter, which produced a record in "in- 
tensities." This was significantly more advantageous than the 
measurement of soectra on photorraohs* which registered “darkenings" 
and not "intensities*" which directly characterize a quantity of 
e’^ergyj for the tranfermation of the darkeninss into intensities 
labor-oonsoming work is required with the utilization of the char- 
acteristic curves (calibrations), which at first are necessary to 
be formed with the calculation of their individualities for every 
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irfinto^ranhic olate. Nuch later an iaprored aodel of Kucrevich'a 
8oectroph''t(»eter has been regularly used to the oresent tlae. 

A great aaount of aaterlal was collected by T. B. Derris* I>. K. 
sdukowa* and L. A* Mitrofanowa* covering one and a half cycles 
of solar activity* In their publication in i960 a change of the 
central intensity ot several ^ines with the phase of solar activity 
was noted* the higher the Wolf nunber. the lower the central inten- 
sity* This result gave rise to doubts (no changes «diatever in the 
snectrun of the Sun had previously been observed), yet Anerican 
astrononers did not confim it in 1969* 

A number of thecretical-experiaental and theoretical investi- 
aations was carried out in the first post-war years. 0 * A* Mel*- 
n'kov redetemined the ten-era ture of the reversing layer. Accord- 
ing to laboratory intensities of linos of iorised iron, L. A* Mit- 
rofanova Bade a "curve of growth" for the Sun- a graphical repre- 
sentation of the deoenderK:e of "equivalent widths" of spectral lines 
on the number of absorbing atoBS* V. A* Krat published several 
articles on general s^lar circulations, questions of interpretaticn 
of spectroheliograms, the developme-t of the forus of formations 
in the sclar atmosphere resulting fr^m a princiole formulated by 

him, "electrostatic stationariness" in the photos -here and .roBo- 

8 

8 'here, the constancy of electric fields in the plasma. These 

®A plasma is the "fourth state of matter" (solid, liquid, and 
gas excooted), a highly ionized gas, in which positive and negative 
charges, which are created by electrically charged carticles (icns 



165 


works were the theoretical basis for subsequent inrestifrations. 

In the au=*r of 1950 I- A. Prokof'eva established a snail 
telescope with an interference-polarising filter (IPP) in t^e 
"naval tower" (see p. 19) • idiich was designed and Ba*^ufactured 
by S. B. Ioffe* this telescope was the first nodel of a stan- 
dard instrunent* the chrtuiosoheric telescooe "taken tc ams" by 
the solar services at the beginning of the IGY* Observations 
with an IPF were later produced in the done of the horisontal 
solar telescopes the naterial obtained was used for a study of 
chr<»icspherlc heterogeneity and served as one of the stinuli for 
the creation of a theory of the heterogeneous chr<»o8rhere* 

Observations of the Sun extended in different directions 
with the r*- construction of tne horisontal solar telescoce in the 
sorina of 1951* direct ohotography at the priaie and secondary 
f^i (with focal distances of 1? and 60 aeters and solar iaage 
diameters of l6 and 56 ca* re~pectively)» spectral observations 
by means of quartz (orisa) and diffraction spectrographs, the 
automatic reeristering of solar spectra, and the chromospheric 
observations with an IPP. Observations of the Sun allowed the 
features of the Pulkovo astrocliaate and its advantages for the 
performance of delicate investigations to be determined^ The 

A 

mild and damn marine climate <the relatively lew heat of the 


and electrons), are identical or almost identical in any volume 
considered. The substance of the Sun and stars actually is not 
a gas, but rather, a plasma. 
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soil in susMr days create favorable eruditions for daytias 
observations. Often the "washed out* iaages do not exceed 
several tens of seconds of arc* and s<»etiae8 it is close to 
0?2« the Halt of resolving power which the ataoschere generally 
allows at the given altitude above sea level* Obbarvations were 
intensively continued till the suaaer of 195^* «dien the wooden 
doae burned down due to defective electrical wiring* Observa- 
tions were only resuaed in the autuan of 1955 in a newly con- 
structed doae of "fireproof** construction. 

The series of oictures of solar granulation were an iaoor- 
tant result of the first oeriod of observations (1951“195*^) • 

If Canskii succeeded to fix granules with a visual dinaeter of 
about 1"* then on the new pictures granules were discovered 
which were twice as small in size (to 074). This led V* A. Krat 
to the suggestion that still smaller granules exist, and the 
observed sizes would be characterized by only the resolving 
DOwer of the instrument (join.^.ly with the atmosohere). Although 
the thought was not taken as a oredlction* it came true. In 
1957-1959 the American astronomer K. Schwarzschild obtained ex- 
ceotional pictures of granulation, according to clarity, with 
the ascension of a telescooe into the stratosnhere. and confirmed 
the orogrosis of V. A. Krat. In 1966-1970 Soviet stratospheric 
sol^r stations suoolied oictures on which the smallest granules 
did not exceed IOO-I50 km (less than 072) in diameter. 

The confirmation of the orognosis led to results of great 
significance. In 1954 V. A. Krat again set down the hypothesis 
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concerning the wave nature of fcranulation desolte the wideeoread 
conviction that i^anulea present themselves as convective elements. 
The hyootheais was converted into theory. Indeed* if there were 
no standard elements* if granules of vanishingly small sizes «iere 
encountered* then the phenomenon of granulation was indeed similar 
to waves in the ocean* idiere the bright places were the crests* 
and the darter spaces were the places between the waves, nie 
ideas of V. A. Krat concerning the wave nature of the phenomena 
of the solar photospherd-; penetrated many investigations of Pul- 
kovo heliophysicists* who advanced like a single front against 
this mystery. 

A powerful diffraction spectrograph was established in 1956 
in the new doze of the solar telescooe. Constructive ideas of the 
capable young scientist* V. N. Karpinskii* were used in its 
construction. The new soectrograoh granted otservers wide possi- 
bilities. Investigations of the chromosphere* prominences* and 
chromosoheric outbursts continued w th entnusiasm. Cinematography 
was apolied to the study of granulation by M* Kerimbekovt the 
"duration of life" of granules confirmed an already expressed 
point of view on their nature. The photoelectric observations 
of V. A* Krat and I. V. lUdina bore witness to this very fact. 

The practical im ossibility of measuring the horizontal motions 
of granules (in the pictorial olane on the surface of the Sun) 
created difficulties. But these difficulties were overcome with 
the Discing into operation of the original automatic magnetograph 
of L. M. Kotliar ^1959). The magnetovraph allowea the intensity 
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of the aagnetic field (the longitudinal eoaponent) and the 
radial yeloeitiee to be aimiltaneously recorded i after iaprore- 
nente on the iaetruaent (1963} it again becaae possible to 
register the brightness of aeasured strip* idiich is equiva- 

lent to the heliographical "binding* of it to sunspots and 
ehroaosoheric foraaticns (floeculi* fileaents). ^e first works 
of G. lA* Vadil'eva and 6 . P. Bialshin with the use of the aag- 
nefeo^raph led to results deserving attention. The observations 
obviously could be Interpreted in favor of the existence in the 
photos ohere of phenomena idtich reseable sound (transverse) waves 
and waves (longitudinal oscillations resembling the agi- 

tati-"! in a w-*ter glass in which a stone is dropped). Superposi- 
tion (interference) of these waves gives the observed picture. 

"Thus, the photosphere of the Sun is this continuously churning 
ocean of gas," as summarises the referred-to works of the author, 
of the theory himself. 

Another direction of work was the development of \ne ideas 
of the Pulkovo astrophysicist E. lA. Perepelkln (1906-1937) con- 
cerning the heterogeneity of the chromosphere. Although the 
first observers (in the middle of the XIX century) compared the 
chromos -'here with a "fiery orairie," emphasising its heterogeneity, 
they theoretically considered it to be a uniform layer in which 
the "barometric formula" or a law similar to it operates. Pere- 
oelkin was the first to try to build a theory with the consideration 
of the fact that "the chromosphere appears like a g»thering of 
a lirf:e number of separate filaments- prominences," which only 
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bseauss of thoir great nwber statistically *fora a continuous 
9^11 at first glance •** This representation was obtained in the 
subsequent deirelopaent in the works of Y. A* Krat» T» V« Krat* 
and T. M. iobolew on the basis of aodem knowledge about the 
characteristics of plasaa. The chroaosphere is considered to 
be a tr^uisitibniU. layer* not in equilibrium, from the idiotosnhere 
to the coronal it consists of currents of gas moving upward and 
dowmard in the Magnetic field* which is "wound* into . the plasaa 
and foms with it a single* whole entity* because of which the 
chroBosphere is presented as being in quasioequilibriuB* Its 
discreuancy consists of this* its "dialectic*" What is more*: 
as far as the expansion and pressure of the gas (with the ascend- 
ing and descending streams) in the magnetic field results in 
str^*ng oscillations of temperature* a difference of temperature 
can be observed in the chromosohere (in that very same layer) 
at the determined moments of time; therefore* lines of such atoms 
and ions can exist in the spectrum of the chromosohere* the spec- 
tral indications of which appear in non-identical physical condi- 
tions* The theory of the chromosphere in non-equilibrium was 
not only worked out quanitatively, it was led there for the cal- 
culation of numerical values of different parameters in their 
comparison with observed data* 

A significant quantity of work (V. N. Zuikov* M* N. Stoian- 
ova and others) was devoted to the analysis of spectra of flares 
and nrominences. In 1958 V. A. Krat and L* N. Pravdiuk observed 
bands of continuous emission (a bright glow)* the source of which 
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is placed in tiie photoao^re. The phenoaendu resembled chromo- 
st^rie oatbursts* however t the outbursts were in the photosphere. 
Ifenee* tpiterence was suggested that outbursts can arise in 
both layers of ttie solar ataosphere. The presence in the facu- 
lated areas of the dissemination of hot gas with a temperature 
of about 50 * 000 *’ was established by the same authors according 
to observations of the lines of heliumi such formations are called 
"hot spots.* In 1956 T. V. Krat detected previously unknown for- 
mations in the chromosphere in the form of dense clots* resembling 
der^se prominences- *chromospheric condensations.* 

lithird direction of work was the solar service. On the 
wfiQlf these works were ccnpentrated at the Mountain Station of the 
frXhclpel Astronomical cf*6ietn^oty , Systematic observations at Pul- 
kovo have been conducted since 1957 in connection with the IGY* 
they being organized at once with observations of the magnetic 
fields of sunspots according to a method worked out by G. F. 

Vial* Shin. A year earlier the corcnograph of I. A. Prokof'eva 
beffan to work at Pulkovo, which was manufactured in the optical- 
mechanical workshops of the observatory (to the inclusion of the 
diffraction grating spectrograph) and which was markedly different 
than the Lyot coronograph, the essential details of which (the 
"artificial Moon," claying that role which the Moon does during 
a total eclipse, and the "field lens," also connected with its 
objective) were absent in the coronograph of Prokof'eva. The 
imaffe of the Sun was formed directly by the curved slit of the 
soectrofirraoh, which fulfilled the role of the "Moon." In other 
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reaoectSt care was taken concerning the elimination of scattered 
lieht inside the instrument. Since the time of its establishment* 
the new coronagraoh* much simoler in design* allowed photography 
of the green and red lines of the solar corona to be carried out. 
The observations were regularly conducted* practically at sea level 
(together with the tower, the height of the installation was about 
90 meters above sea level)* whfch by itself testified to progress. 
These observations were not included in the solar service, but the 
coronagraoh was successfully utilized for the study of the charac> 
teristics of coronal lines* weaik spectral lines of orominences 
and chromosoheric outbursts. In particular, coronal condensations* 
which T. V. Krat first detected in 19^9* were investigated in de- 
tail by I. A. Prokof'eva. 

The publication of the monthly bulletin " Solnechnve dannve ** 
(edited by lU. I. Vitinskii)* in which, besides urgent data of 
the services of the USSR and socialist countries, short scientific 
renorts are published, has a direct relation to the solar service. 

T1 e bulletin has been published since 195^ by Pulkovo Observatory 
jointly with the Commission for the Investigation of the Sun of 
the Astronomical Council of the Academy of Sciences of the USSR. 
Aocendioes to the bulletin have apneared every half month since 
196.21 detailed maps of the magnetic fields of sunspots are circu- 
lated to observatories and interested participants in the form 
of a seoaratG brochure. Pulkovo continues the publication of the 
"Catalogs of Solar Activity." 

A fourth direction of work the creation of new instruments. 
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Coneernine many works of this genre* we have both already spoken 
in general and in connection with solar in^vestigations* but atten* 
tioA^ust once more be turned to them* as these works undoubtedly 
have to do with a number of important achievements of the obser- 
vatory* which stimulated all its subsequent observational and 
investigational activity. In 196? one more solar telescope ¥fas 
out into operation at Pulkovo* the ATSlJ-5 (diameter of the coelo- 
stat mirror* the supplementary and main mirrors D = 440 mm* the 
focal distance of the main mirror f = 1750 cm* the secondary focus 
of 60 meters* the path of rays horizontal)* placed in a special 
stone room not far from which was situated a separate laboratory 
location, but which was connected with it by communications. The 
telescooe was supplied with a four-chamber isothermal diffraction 

soectroeraoh of high resolving power* the design of which was 

inc* 1 pe I 

worked out at the a . 
was constructed ard built by the staff of the observatory. In 
accord with the name cf the apnaratus, four portions of the spec- 
trum can be simultaneously ohotographed. A second feature of it 
c'^nsists of "scanning" the solar surface. The image of the Sun 
from one edge of the disk to the other passes over the slit of 
the soectrograph, which cuts out a portion of the surface (with 
a size up to 45" X 180"). The photographing of spectra is auto- 
matically carried out over different soans of time. In such a 
way the soectrograph gives information of the physical conditions 
of the determined region of the solar atmosphere in three measure- 
ments! the slit cuts out an area, and the picture of the phenomena 


'-A . 


Astronomical the spectrog:r''.Dh 
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according to hei«:ht is determined by the instrument in one or 
another portion of the spectrum. A spectrum obtained with high 
dispersion contains abundant im'ormation about the magnetic field* 
radial velocities* relative intensities in the soectral lines 
and the "continuous background," from which the reductions and 
calculations infer diverse physical characteristics. 

The creation by V. N. Karpinskii and N. I. Pechinskaia of a 
double diffraction spectrograph with digital read-out in 19^9 was 
another achievement in this realm. Works on the construction of 
a photoelectric monochromator for the double diffraction instru- 
ment were begun by Karpinskii at the end of the 1950* si the first 
results were published in 1961-1963* The new instrument allowed 
"ghosts" (imaginary spectral lines peculiar to diffraction gratings) 
and scattered light in the spectrograoh to be oractically completely 
eliminated. Thanks to this* contours of the Fraunhofer lines were 
obtained in clear view* which, undoubtedly, promoted the study of 
weak soectral lines which make uo the basis of the s lar S’^ectrum. 
The subsequent imorovement of the instrument in corabinat’on with a 
calculatory-deciding mechanism led to the creation of a completely 
original soectrophctometer . 

On a princioally different basis, with the use of image 
converters, A. A. Kaliniak develooed a differential 

method of determining soectral distinctions in the photosphere. 

His method was applied to the exposure of veri. faint Fraunhofer 
lines and to the study of all sorts of soace-time variations on 
the Sun and in the solar soectrum. The striving towards Multi- 
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regularity of information led to the realization of a model of 
a two-chamber coronagraoh (on the basis of the coronagraph of 
Prokof*eva)« which allowed synchronized observations of the solar 
corona to be produced in two wavelengths with an arbitrary time 
soan between them* For monochromatic observations of the surface 
of the Sun A. Merkulov worked out a scheme and constructed a 
model of a "static soectroheliograph." Especially important was 
the participation of Pulkovo astronomers and inventors in the 
creation of stratospheric astronomical stations and their out- 
fitting* intended for direct pictures of the Sun (granulation) 
and the photographing of solar spectra (ultraviolet and visible 
spectra of .the central and edge portions of the Sun., corresponding 
to the photosphere and chromosphere). 

fifth direction of work was radio astronomical observations. 
Investigations of the Sun with the use of radio telescopes were 
carried out at the time of eclipses (partial# total# and annular) 
on site (at Pulkovo with the GPR) and with the departure of expe- 
ditions to regions of eclipses. Attention was concentrated on the 
study of bursts of solar radio radiation# which hapoen at the 
beginning of chromosoheric outbursts, and local sources# which a.-: 
differently called "radiosnots." The study of the latter iv. es- 
pecially favorable at the time of eclipses since# with th^. hiding 
of them by the lunar disk (then with the emersion) ono can con- 
fidently determine (localize) their locations or ♦he disk of tl 3 
Sun and compare them with objects observed opticv.ly. Such a 
method increases the possib’ lit’ies of small radio telescopes. The 
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/arje r ulk<^vo radiotelesc"oe, pr'ssessine a sii^if leant resolving 
rower, allows observations and the loealizaticn of sources to be 
carried out at any time (outside eclipses* but during the passage 
of the Sun thr^'uish ♦he meridian- the directional layou'. of the 
artenna of the radir:telescope) . Therefoie. the OF "'s used 
esoeclally at the time of the ICY for the oraaniz^tion of simul- 
ebservati^'ns of chromospheric outbursts and bursts of 
radio radiation with ootical and radio astrono aal methods. 

Both methods aive similar results for the determination of the 
avsraee tem 'eratur~ of the solar corona, but do not always asrec 
on the identification of local sources. Thus, according to data 
of V. N. Ikhsg ova, radiosoots often do not coincide witn sunspots. 

As a result Oj. diverse observa -ions, theoretical estimates 
:arve-T discussions, Pulkovc radio astronomers (G. B. Gel*- 
freikh, V. N. Ikhsanova, N. 3. leva, A. ?. Molchanov and others) 

"constructacl m'-uel" of local sources in the form of condensa- 
tions of corcjal gas, disposed above the photosphere to a height 
cf 0,05-0.07 3-lar radii, and whieh do not coinciot with coronal 
p'»niensations optically. Investigations oi bursts led 

A. 7. Dr.-vsk5kh and C. F. Gel'freikh to the ccncliision thaw the 
bursts of radio l adia ’ ion. anise in resrions w^th a strong .jit sne tic 
field -iOd a teinoer ature vnich sigr‘ fican.tly exceeds the av* * .g-e 
ter. "'■ ture .of coro*'.a .necut i m.’.llicr decrees) and w}ij.ch 
re -''h tons 'f nil' ions of ae.^rees, '^he result seemed unlikely, 
bjt 'O af^:ir it war, c-'r-firmed. Accord rg tc dat'-i of measure- 
ne*^^s of r'-di.'v,,i n 'f the Sun obtained by racket. ±t tu.*'ned 
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out that sones of exceotionally high heating can arise above 
the visible flares. Pulkovo radio astronoaers were the first 
to note this. The nechanisn of foraation was obvious t with the 
strong heating, portions of the coronal gas acquire velocities 
on the order of 1000 ka/sec. which exceeds the velocity of 
escaoe for the Sun (619 ka/sec). 

A sixth direction of work *.as the investigation of the nature 
of solar activity and its manifestation in the solar svstea. !• 
follows here to nenticn the works of B. N. Rubashev and his group. 
At the oresent tine it is quite evident that a convection sene is 
the main cause of all active fonnations on the Sun. Therefore, 
oroceeding to a working out of a theoretical method of predictirg: 
relative Wolf numbers. B. N. Rubashev began with a detailed study 
of the characteristics of the nvective zone and subphotos pheric 
stratification. Having created a theory of the convection zoi» 
as a boundary layer, he found a new method of determining the 
thickness of the convection zone. In principle, the thickness 
of it is fixed by the sizes of sunsootsi the larger they are, the 
deener they lie. Hence a rough calculating method of oredicticn 
came ab-^uc, however, it still did not give the Wolf numbers. 

Thes»* works continue. 

Emoirical-st:- vistical methods of oredietion of solar activity 
were simultaneously work^fd out and improved at Pulkovo (A. I. 01', 
lU. I. Vitirs'’:’'. They tu-ned out to be less crude than the 
calculatory met.iod. Predictions of Wolf numbers, made uo on their 
basis, were used by gecohysical and radiophysical inst*tudes. A 
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laree quantity of work on the problea of the "Sun-Earth* be- 
lon^d to B. M. Rubashev. In particular* he proposed a sethod 
of calculation of the heating of the lower ionos chore (with a 
he'eht of 100 ka above the terrestrial surface) according to 
the observed characteristics of aagnetic storms. As far as 
aeteorolraical phencwiena are connected with the heating of the 
upoer atmosphere* the aethod* besides other applications of it* 
was used for the elucidation of the character of the influence 
of solar activity on weather. Rubashev showed a direct manifes- 
tation of solar activity in the lower layers of the atmosphere 
(trocosnhere)* having established the connection of the intra- 
yearly fluctuations of solar activity with types of atmospheric 
circulation. The presence of such a connecti''n helped in the 
wr'rkine out of long-term meteorological predictions on the basis 
of the oredirtiofiS of Wolf numbers. Finally, Rubashev detected 
a manifestation of solar activity in the variations of brightness 
of the olanets Jur»iter and Saturn, periodical changes of *re 
zonal rotation of Juoiter, etc.^ 

Thus, from "high matters," from solar ». .er in its turning 
hot conditions (i*^ the "fourth state"), together with them, a 

9 

The examined questions are suirmari /.ed in detail in the litera- 
turet B, M. Rubashev. Problems of solar activity . Moscow- Leningrad, 
1964| IU. I. Vitirskii. Predictions of solar activity . Moscow- 
Leninp^rad, 19<'3» Th e morphology of solar activity Leningrad, J 966 . 
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rather insisniflcantly saall part of it* having parted coanany 
with the Sun in the fora of a sea of highly agitated charged 
particles* \.e mentally return to our Earth, the value of sci- 
ence* esnecially natural science* is often measured by its prac- 
tical applications. This was proven in full measuie by the 
exam ole of solar investigations* 



MY3TBRIES AN) PROFOOMD SPfiCULATIONS 


Modern astronoay contains two extansiwe raclas of inres- 
tieations especially closely related to philosoi^* They are 
cosBogony and cosnology. They do not correspond to that divi> 
Sion of astronoRy idiich was fomulated in the Middle of the XIX 
century and was severally enlarged till the niddle of the present 
century* in accord with «diich all sciences concerning the sky 
were subdivided into astronetry* celestial nechanics* stellar 
astronomy* astrophy'^ics* and radio astronomy. Snvelcping all 
areas of astronomy* cosmogony and cosmology simply advanced as 
two immense problems because of the immensity of their objects- 
the whole universe. 

Truly, cosm-^gony, not following from the literal meaning of 
its name (the origin of the universe)* divides up the universe 
into separate, characteristic "cosmic forms*" in which material 
in the univerje exists* and studies questions on the origin and 
develooment of celestial bodies and their systems* and not the 
entire universe. Cosmology does not divide up the universe and 
considers the universe as a single whole. Literally* very little 
had been devoted to this subjects the twofold presentation of the 
question was connected with the General Theory of Relativity, 
worked out by A. Sinstein in 1915-1916. Models of the universe 
as a whole anoeared after 191? on its theoretical basis (the first 
riel belono'ed to Linsteln himself), which, thanks to and only 
thanks to such a oresentation, questions led in genercii to a nic- 
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ture of the ultiaate universe in space and in tine, in spite 
of the historically asseabled representation concerning the 
linitlessness of the universe* 

nie contradiction challenged nany argunents. At tines 
they flared up and intensified* taking on an ideological color- 
ing* at tines they subsided but did not cone to an end* Cos- 
nogony* breaking into pieces its own object of knowledge* was 
the arena of less violent battles* but* in essence* if the limit 
of the universe were to be proven by cosnclogy* the problen of 
its origin would quickly arise* and this oroblem would signify 
cosm^^gony in that primary and direct meaning of the word, as 
it is understood in myths concerning the origin of the universe 
reaching us from many ancient countries (Indians* Egyptians* 

Jews* Greeks and others)* Both problems for a long tine were 
organized on a scientific basis. However* the decision of di- 
verse questions of cosmology and cosmogony in an essential way 
derends on the accunulati'>n of facts* observed data* 

Generalizations of the achievements of astrophysics, stellar 
st<jtistic8 and stellar dynamics led to definite conclusions con- 
cernina the age and directions of development of stellar systems 
of different classes., several tyoes of stars and other forms of 
cosmic matter* Here it is sufficient to mention the works of 
the oviet astroohysicist and academician V. A. Ambartsumian or 
the investi/»ation of stellar associations, th j stability (and 
df sintearati'.n) of stell.nr systems and multiple systems of gal- 
avies and other things. His conclusion ( 19 ^ 7 ) concerning the 
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fact tha*^ "the foraation of stars continues in the galaxy at 
the present tiae»" forced the nodels of the universe to be ia<> 
proved* according to idiich the birth of galaxies and zxdLCB is 
eoapttted as occasional and is unambiguously connected with an 
“act of creation. “ 

Ihe newest achlevenents ir. radio astronomy* the discovery 
of quasars (1963) and the background radiation (I965)* led to 
araunents over the use of the ^osaclogical model of an expanding, 
hot and overde.'*se universe in the past. Now it is possible to 
quote the words of the academician lA. B. Zel'dovlchi “the theory 
of the expanding universe is one of the most important achieve- 
ments of science of the XX century.*^ Radio astronomical obser- 
vations confirmed the predictions o:f a. theory that shows a 

criterion of truth in any theory cr hypothesis (at the borders 

2 

of its applicability). Born with the theory _f relativity, it 

t r—\ 

lA. B. Zel'dovich and I. D. Novikov. Relativistic astro - 
physics . Moscow, 1967 » P« 387. 

2 

The theory of ■’•h' iniverse deoicts the Metagalaxy- 

the suf^ersystem unit >0 galaxies- in its oresent 

state in a ohasi • \r'. 2«'i'lently, was oreceeded 

by a state with - , ^ .ificantly higner tem 

oera'.ure. Only t. -i radio radiation confirms 

this and the ca 3 c. n ; ; .x density of ‘he distribu- 

tion of quasars, ii y i' v- '•‘’idered, which is highly likely, 
as a pregalactic form o X 5 1 , r* t Observations never say anything 
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also demonstrated the power of its parent* Henceforth* rela- 
tivistic theory took Its stand with a method of cognition of 
the universe. On this basis arose* and in a very short time 
developed* a new realm of astroncMaical science- relativistic 
astrophysics (or rather* the modern theory of gravity) in the 
caoacity of a orincioal element for the decision of astrophys- 
ical problems* especially pxoblems of cosmology and cosmogony. 

However* it does not follow to overstate the all-embracing 
meaning of it* The mathematical apparatus of the modern theory 
of eravity brilliantly justified itself as the mear^i of know- 
ledsre of the Metagalaxy* It follows to once again emphasize 
how telescopes and radio telesoooes reached the boundaries of 
this indeed immense supersystem* and how the theory described 
the scales of it along general lines* qualitjtively. Quantita- 
tive corrections (they were also essential) bi. At in the re- 
suits of observations* Observations also allowed a suitable 


about the fact that the superdense state was primal* ct asequently* 
they do not serve as a confirmation of the orimary phases of the 
state of the universe, which the theory calculates in detail and 
affirms* 

^In the 1930's, on the basis of theory, the "radius of the 
universe" was computed to equal 1.8 billion light years. At that 
time it was thought that the 100- inch Mount Wilson -lescooe 
oenetrated to a denth of the universe to one half of its "theo- 
retical radius." In order to reach its "border" a telescope w’th 
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choice anong various theoretical models of the universe to he 
made. In this vtay much information concerning the Metagalaxy* 
in particular* the confirming observations* could be considered 
as sufficiently proven, nils cv^nfirms the theory of an expanding 
universe* althou^ on the whole it still is far from being com- 
oleted. All the more erroneous was the assertion of the advo- 
cates of the universality of the new theory concerning the fact 
that it includes the whole universe. It depicts the Metagalaxy, 
and not the universe* and there was no necessity to identify 
these two different concepts. If the theory led to the conclu- 
sion about the limited nature of the universe* then it says* of 
course* nothing about its weakness concerning the limited nature 
of the sohere of its applicability. Any physical and mathematical 
theory is precisely such* because a theory builds on the basis of 
limited practice and does not allow a limitless extrapolation. 

Only a correct combination of theory with practice (the verifica- 


twice the size was constructed. Soon it was established that 
measured distances must be doubled and in this way it turned out 
that the new 200-inch telescope detected objects (galaxies) at 
distances to 4.25 billion lieht years. Naturally* the "theoreti- 
cal radius" had to be adjusted to those things which weie obser- 
ved. Then it once more ! ad to chanee* when objects (quasars) 
were detected by radio telescooes at distances of 9-10 billion 
liffht years. 
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tl<m of thooFotieai conditions of obsen^tions) and methodology 
(thig tho<nry of kiMwledgS of dialectical materialism), can lead to 
the. disclosure of yet unknown mysteries of the inflate universe. 

Science does not repudiate* and has no basis by which to 

m 

repudiate thS: existence of other metagalaxies* . It is possible* 
there already is some set of observatiohdl date in^ favor of their 
existence* only we are not able torgcsently examine all of the 
abundance tects«_and aira not able to decipher their authentic 
meaning. Thus it was* for example* with galaxies* Scientists 
pondered the existence of other galaxies* In the 1840 * s A. Hum- 
boldt expressed thoughts on "world islands*" or "island iiniverses*" 
as those objects were called in the first third of the XX century. 
Astronomers even made available observational data* As far back 
as the end of the XVIII century If* Herschel observed "unresolvable" 
nebulae*" among which were galaxies* However* only in I916-I920 
were they deciphered* as a result of which it was proven that 
astronomers for a long time had come into contact with extra- 
galactic objects- other galaxies. The accumulation of facts 
and new* powerful means of observations were required for the 
proof* 

Works of Pulkovo Observatory in a large part related pre- 
cisely to the accumulation of observational facts. Its role in 
the decision of cosmogonical and cosmological oroblens can be 
described as modest t the role of any observatory is such* if a 
scieotist does not have to work on theoretical generalisations*^ 
Howe'^er* at Pulkovo they had and have a olace* As far back as 
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¥• Struve* one of the problems of cosmology- the photometrieal 
paradox- was eofse into contact with and was successfully handled 
at that time by them. Later* in 1929* A. A* Belopol'skii attempted 
to uncover t^^e non<4)oppler explanation of the "red shift In 

The more significant iippeftigations in thp realm' of como- 
logy and cosacgcr«y are coramcted with the. names i A. Binstein* A* 
Bddington*ji\^^G. Lemaitre* J. Oort* P^« Hoyle* a^ also Soviet 
scientists I A. A. Friedmann* T. A. Ambartsumian* B. V. Kukarkin* 

V. G. P'^senkov* 0* XU. ^fisidt* XA. P* Zel*dovit.h and others. 

^The "red shi..;t" is the displacement of the spectral lines 
in the spectra of gi^laxies towEurd the red e 1* which* in accord 
with the Doppler principle* signifies recession. For galsucies 
it means literal “recession, “ as the velocity of their recession 
is proportional to distances the fur+'.er they are observed to be* 
the faster they recede. Precisely this law (Hubble's law) served 
as an experimental basis for the "idealistic" theory of the ex- 
pending universe. Belopcl'skii attempted to give a material ex- 
planation of the "reddening" of the light on the basis of the 
"aging" of quanta* robbing them of energyi quanta traveling in 
space for hundreds of millions of years lose energy* which is 
equivalent to an increase of the wavelength of light (a disolace- 
ment toward the red wavelength side). The explanation of Belo- 
pol*s'<ii* however* met insurmountable difficulties of purely 


'hysical means 



186 


the 1930*8 Pulkovo astrononers (B. P. tierasimovich* A. F. Bogo« 
rodskii* M* S* Bigenson and others) serried out a whole series 
of works of a serious theoretical nature. In the post»war years 
V. A. Krat published some quantity of diverse investigations on 
the questions of cosmogony (**0n the development of stars." "The 
origin of the solar system." etc.). ^ 

In 1953 V. A. Krat sug^sted a proper hypothesis of the 
origin of the solar system which, in his opinion, was formed 
from a cloud of solid particles of comet-like type. The Sun 
itself at the time of formation of the planetary system had 
passed through several stages in its develoiment. The forma- 
tion of the outer planets took place in that period when the 
Sun was a hot B- type star with a mass of 5-5 presently solar 
'masses. All material inside the orbit of Jupiter evaporated 
because of the hi^ temperaxure cf the Sun. Subsequently, the 
star (Sun), according to Y. A Krat. underwent evolution 
through the Wolf-Rayet. ^ Cygni and red giant stages. The 
star passed through these stages (from B .star to red giant) in 
10 million years, i..e., "very quickly." according to the age 
scale of the Puii. As stars of Wolf-Rayet and ^ Cygni type are 
distinguished by a cowerful outflow of matter from the surface, 
that Sun passing through the corresponding stages had to have 
"lost" a fundamental part of its matter, and its mass at the 
red giant phase could not have exceeded 2.2 times that of the 
present. The red giant nhase was also not pr longed because of 
the loss of matter for a different reason (with the large radius 
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...of the red giehti the "velocity of escape” of particles was net 
great)v The (planets of. the terreetriaL group) 

were fo£t&ed from the rest of the dusty cloud* brought nearer - to 
;.f the Sun thanks to an inhalation of . material thrown out from ttie 

. - , - - V . - 

Sun duri^ the starts' Wolf-Rays t stage* Af ftunmtioa of 

t)ia plunets the dissipation cf the fui^wental .aass of matter 
with the Sun*^ the "life” of the aplar s^tto' pven.tjte cote^e of 
billions of years lapsed^ into a'"trani^iil si^uatioS^* reiriiniscMit 
of the present. . - 

A positive aspect in the hypothesis of V^. A. Krat was the 
fact that he was the first to' attempt to take into account the 
possible change of the Sun Itself during the period of formation 
o. the planetary system ai^ in the ..early period of its evolution. 
With thisi the formation of the planetary system, according to 
his hi nesis* happened mere or less simultaneously with the 
process of formation of the central luminous object. In his ar- 
ticles V. A. Krat expressed original understandings as regards 
the formation and evolution of the galaxy, gaseous-dusty nebulae 
and stars. A "corpuscular instability" plays an essential role 
in the develooment of stars (a principle formulated by him in 
19‘*3), consisting of an accelerated dissipation of the atnosohere 
of stars ocssessing gigantic sizes and a high temperature. Su jer 
massive hot stars, subsequently losing mass, quickly undergo evolu- 
tion. They follow to be related to young objects which formed 
"not lone aj»o.'' At the present time such stars are observed 
only because they still have not succeeded to undergo evolution 
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ai)4 a<lvance in their develcoment to the el4sd ol' "later** stars* 

The of young stars estimated by V. A* I^at was in agreement 
with estimates of V. A. Ambartsumian* V.« G* Petenkov €uid other 
authors on the banis of different considerations* 

As regards works which were cohxributii^^ te the accumula- 

' ■ 

tibn of (kite of obserys^lons* amj' astro^^siei^ and stellar- 
astronomical inve8tJy^^^.%8 Were of interest for cosmogony* Work 
on the physics of olhhct^ and stellar astronomy were elucidated 
in the preYicutf chaptert now the question is one of works on the 
ohysics of stars. 

The work of 0* A* Mel*nikov attracted great interest in this 
area. 194A he completed an extensive s pec trophotome trio inves- 
tiga ion of Cepheids on the basis of observations at Pulkovo and 
Simeiz in 1936-1939* Because of the circumstances of war time* 
the work was only published in 1950. In several senses 0. A. Mel*- 
nikov continued the line of investigations of A. A. Pelcpol’skii 
and I. N. lehrosn-Balanovskaia. However, he gave a profound analysis 
of the Physical conditions in the atmospheres of Ceoheids and a 
complete oicture of comr'lex phenomena in them, on the basis of 
which several inferences of a ccsmogonical nature could be made. 

A second oart of the work contained a statistical invectigation 
of lonff-perird Ceoheids. The fundamental iosult of Mel'nikov's 
invest ieat ion was a more creoise determinatir of the magnitude 
of cosmic absorotion of light and the zero-point rf the "period- 
luminosity" curve. ^ 

In accord with the new zero-point, the neasured distances 
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in the universe had to be .r* eased by approx iiaately 1.3 times. 

It followed to increase the linear site of the Andromeda Nebula 

C 

For several classes of Mo-called physical variable stars* 
for classical Ceoheids* cln^^ter-tyoe variables* etc.* there exists 
a deoendence* established hy: ob^t.i.‘vation8* between the period of 
variability and the brightness* or more precisely* the luminosity* 
i.e.* with the aeneral quantity of radiated stellar light. Thanks 
to this dependence of the period of change of the brightness* which 
is comoaratively easy to observe, it is not difficult to establish 
an absolute brightness of a star. But the absolute brightness 
would bear witness to the true luminosity of a star if all stars 
were situated at an identical distance. As the light of the star 
decreases proportional to the square of the distance, the observed 
brlffh*^ness of a star (the apoarent stellar magnitude)* in compari- 
son with its absolute brlffhtness, allows the distance to the star 
to be determined. In this way the "period-luminosity" dependence 
allows the distance to vauriable stars to be determined on the 
basis of the observed stellar magnitude and the period of varia- 
tion of brifthtness. This deoendence is also confirmed theoreti- 
cally, only from r servations it follows to determine the zero- 
point of the "period-luminosity" curve, but for this it is neces- 
sary to know several initial distances, which often have to be 
estimated \fith indirect methods, and besides this, it is necessary 
to determine the mae’^itude of the cosmic absorption of light. 

"All intr'cMcies" of method are c-ntained in this. 
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in the same proportion* which still more (not only by structure* 
but also by the actual sise) made it similar to our galaxy. Some 
time }.ater* in 1952* W. Baade* utilizing results of proper obser- 
vations with the help of the 200-inch Palomar telescope* estab- 
lished that intergalactic distances had to be doubled* which was 
agreed by international decree. 

It is necessary to mention that the determination of the 
scale of distances, or the zero-point of the "period-luminosity* 
curve* deoends on the fact that this holds for any group of stars 
as far as they can belong to different " population types*" wh'ch 
can lead to different results.^ "Cluster-type variables," which, 
however* are not observed in neighboring galaxies* as far as they 
are very faint* give a more certain result. Therefore, It is 

^In 19^3 Ba-^de showed the diverse make-up of "stellar pcoula- 
tion." All stars in the galaxy (and other stellar systems) can 
be subdivided into two tyoesi I- the "population of the planar 
comoonent*" which is found in the arms of spiral aalaxies and 
in irrecular form galaxies; II- the "population of the soherical 
comoonent*" characteristic for the nuclei of galaxies, globular 
clusters and elliotical galaxies. The works of Soviet astronomers 
(B. V. Kukarkin, V. A. Ambartsumian and others) of tha^ neriod 
showed earlier tnat types of "stellar population" were n.ore diverse, 
and that the affiliation of stars to one or another type is deter- 
mined by their "genetics"- the community of "genealogical lines," 



191 


desirable to have reliable scales "graduated* for different 
types of ohysical variables. 0. A. Mel’nikov often returned 
to work on a more crecise determination of the zero-point of 
the scale of distances with the calculation of all sorts of 
circumstances* in paurticular, the make-up of "stellar pooula- 
tion." 

The works of the astroohysical school of V. A. Krat and 
0. A- Mel’nikov were diverse. On the whole they were carried 
out with the methods of spectrophotometry and electrochotometry. 

The objects of study were stars of different spectral classes* 
situ'.ted at different stages of evolution and on different 
oaths of develooment. Highly complex physical characteristics 
were obtained for stars making up photometric binaries. Con- 
cerninff the abundance of material, a list* though short* is as 
follows! soectrophc tome try of the eclipsine variables u Herculis 
and RS Vulpeculae (K. M. Gol’dberg-Rogozinskaia) * an investiga- 
tion of hot superffiants in eclinsing binary systems (A. N. Dadaev)* 
electroohf'tometry of subgiant stars (A. V. Sofror.itsskii) * colori- 
metry and snectrnohot'»metry of subdwarfs (K. Kalchaev, A. N. Demi- 
dova). Quantitative analysis of the continuous spectrum and 
snec+ral lines (soectrophotometry)- a more productive method of 
stijdy of the ohysical conditions in the atmospheres of single 
stars- was applied in all cases when the means of observations 
were allowed* in particular for the study of "white" and "yellow" 
suoerffiants (T, M. Fofanova), stars in the Coma Berenices and 
Pleiades clusters (N. N. Gorokhova), "pseudoce 'hei'ts" (V. S. Pooov), 
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and magnetic-variable stars (T. N. Kuznetsova). This method 
was utilized for the study of the interstellar absorbing medium 
(N. V. Bystrova). Now it is oossible the time has come to some- 
how summarize this material* which was obtained over two and 
one half decades. 

Two more investigations were closely related to these works, 
which were connected with the working out of methods, but which 
were imolemented side by side with observations taken for the 
verification of the methodsi the determination of stellar radial 
velocities by means of a direct vision objective prism (L. A. 
Panaiotov) and a photometric study of 15 sciral galaxies (D. E. 
SHCHegolev). the result of the latter merits special attention. 

The investigated galaxies have, according to the photometric data, 
simila'~ structure: the orimary nart of the radiation is created 
by stars of the "soherical conconent," which forms the continuous 
background of the nebula; the sniral arms consist of stars of 
the "olanar comoonent." Absorbing mtterial is concentrated in 
the galactic plane less strongly than stars of the soiral arms, 
but more strongly than soars of the background. Cur g:laxy prob- 
ably lo'»ks like that from outside. 

The works of N. A. Kozyrev stand by themselves, in which the 
problem of the interaction of one body (of a mechanical com lex) 
with another is studied as a nrincipal theme through the change 
of the nroDe'"ties of time on account of the g''ings-cn in their 
ioroversible (cause and effect) processes. Only with such an 
interaction, according to Kozyrev's ooinion, can the ohysical 
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features of the components of double stars be exolained* which 
were discovered by him on the basis of a statistical investiaa- 
tion and which consists of the fact that that the components of 
small mass and size seek to come closer* according to their 
means, to the more massive comoonents. and thi is made notice- 
able because of the deviation from fundamental stellar-statistical 
recularities, before all from the "spectrum-luminosity" diagram. ^ 
Kozyrev attemoted to investigate the universal orooerties of time* 
determined in astronomical processes, experimentally and in labo- 
ratory conditions. The appendix to his "causal mechanics," inci- 
dentally speaking, contradicting physical canons, was highly diverse. ^ 

Q 

The "spectrum-luminosity" diagram is one of the fundamental 
laws of conformity of stellar astronomy and astrophysics. It was 
first constructed by E. Hertzsorung (Holland, I 91 I), and some time 
later, and indeoendently from him, by H. N. Russell (USA, 1913) » 
which is why it is often called the Hertzsprung-Russell diaeran 
in orevinus literature. The modern diagrams are unusually involved 
and zire strongly distinguished from the originals, but on all, as 
before, one can oick out the main sequence branch of stars, on 
which the stars of greater mass and luminosity corresoond to the 
hotter stars (stars of the earlier soectral classes). This diagram 
und<^ubtedly has a "genetic" and evolutionary meaning for all 
classes and subclasses of strs. 

*^The nroMem of the orcperties cf time was set forth by jN. A. 
Kozyrev in the Causal or non - svmmetric mechanics in the 
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At lastt from the investicrations in the area of optical 
astronomy* it follows to mention the work of A. A. Kaliniak* 
carried out jointly with V. I Krascvskii and V. B. Nikonov* 
accord insr to ohoto^raohy of the calactic center in infrared 
liffht. The existerce and location of the galactic nucleus 
was established on the basis of the rotation of the galaxy, 
observed for stars. However, such a mighty and comoact stellar 
cluster at the center, which theory prescribes and which is 
visible on photofirraohs of other s'>iral galaxies, we do not vis- 
ually observe in our c-ilaxy because of clcuds of absorbing mat- 
ter (in the constellation of Sagittarius), which obstruct the 
ealactic center from us. Photography carried out in 1948 with 
image converters at a wavelenerth of about 1 micron, distinctly 
show the structure of the galactic nucleus. 

The young science of radio astronomy thrust open a new 
"window to the universe," which impetuously developed in the 
years after World War II and which made at this time important 
discoveries of great significance. Before all, radio astronomy 
decisively changed the previous view of the universe as some- 
thing wh’ch stands its ground, changes extremely slowly, 

Pr.nciptsI CteVtr 

linear approximation . The Astronomical , Leningrad, 

1958, and an -rticle published in the collection: The history 
and methodology of natural science , v. II. Physics . Moscow State 
Unive'"sity, 1963, pp. 92-106. An astrophysical suc-lement con- 
tains more soecial articles. 
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invariable over the extent of billions of years* and is almost 
unfathomable in its evolution. Undoubtedly* the discovery of 
violent* energetic and short-lived processes has an influence 
on the success of modern cosmogony and cosm''logy. Not quite so 
fantastic now, as it was perceived in 19^8, seems the thought* 
exoressed by V. A. Ambartsumian concerning the possible existence 
of “orotostellar bodies*" from which the observed stellar asso- 
ciations are born by means of an explosion. Explosions in gal- 
aucies* far more oowerful than had been supposed* were established 
by radio astronomical methods. The Priedmann-Lemattre model of 
the exoanding universe came to be preferred in place of the 
stable-equilibrium cosmological models of the universe. This 

very model was transformed from the theory of a one-time forma- 

into 

tion of all galaxies and stars A the "big bang" theory* or the 
"catastrophe which aooeared at the beginning of all catastrophes" 
in the universe. 

Radio astronomical investigations still have that signifi- 
cance for cosm^' ogy, thanks to the colossal power of the etergy 
sources with which radio astronomy deals; they allow the deoths 
of the universe to be penetrated at significantly greater dis- 
tances than optical astronomy. Truly, quasars (quasi-stellar 
radio sources), which allow this to be done, at first were also 
taken to be the objects (massive superstars) predicted by F, 

Hoyle and W, Fowler in I963, precisely on the eve of the dis- 
covery of quasars. The disnlacements of the lines observed for 
ouasars can be interpreted not only as cosmological (Dopoi er-like ) , 
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but also as gravitational* being calculated for collapsing 
superstars.^® In this case we would be dealing with objects 
situated comparatively nearby* although beyond the limits of 
the aalaxy* and which would sooner be of interest for cosmogony 
than for cosmology. However* there almost remain no doubts now* 
that the displacement of the spectral lines for quasars have 
the Dopeler-like interpretation and that these objects are 
situated at cosmological distances. 

^^Gravitational collapse* understood till now only theoreti- 
cally, is the fall of the mass of a superstar towards ics center 
with the velocity of light or near the velocity of light* if the 
radius of the star for some reason is less than the critical gravi- 
tational radius for the ohenomenon of collapse. Principally* 
however, a collapsing superstar cannot be observed* it closes 
not only matter inside its volume (with a radius equal to the 
eravi ta tional radius), but also radiation. It can be produced, 
but the material inside such a sphere must undergo a degree of 
comoression such that the gravitational radius for the Sun (or 
a body oossessing its mass) equals 1 km, and for the Earth* 1 cm. 
The concept of gravitational radius (sometimes it is called the 
Schwarzschild radius) was introduced by the German astronomer 
Karl Schwarzschild (1973-1916), and had made significant theo- 
retical enrichments in different areas of stellar astronomy and 
astroohysics, in oarticular, those which led to the theory of 
radiative equilibrium in stellar atmosoheres and which advanced 
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When in 195^ a departcient of radio astronomy w-jS organized 
at Pulkovo Observatory*^^ already over 20 observatories and in- 
stitutions on the terrestrial globe (of which 4 oarticioants 
W'^re from the USSR) had been oroducing radio astronomical ob- 
servations. S* E. KHaikin (1901-1968)* a well-known soeclalist 
in the areas of mechanics and radio physics* created and headed 

uo the new section of the Princioal Astronomical Observatory. Since 

r\ - - 

1969 the talented young scientist lU. N. Pariiskii has directed 
the section. Still* up to the organization of observations at 
Pulkovo* naturally* a question arose concerning the choice of 
working wavelengths at the limits of the "window of transparency" 
for radio waves* which was defined by the characteristics of the 
terrestrial atmosohere, which lets in radio v/aves in a range 
from millimeter to decameter lengths. With this choice was con- 
nected another question- ccncerning the. most rational construction 


the first theory of the interior structure of the Sun and stars 

(1905). 

^^At the end of 1969 the deoartment of rndio astronomy had 
an influence of the SAt3 (Special Astrophysical Observatory of 
the Academy of Sciences of the USSR, Zelenchukskaia village. 
Northern Caucasus), for the time being remaining at Pulkovo. 
Only a group of radio astronomers-heliophysicists making up the 
deoartment of solar nhys^os was retained with the Principal 
Astron-'mica?;. Observatory. 
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of radio telescopes* Almost all observational stations worked 
then at the most advantafreous meter wavelengths. According to 
a beries of considerations for the work at Pulkovo a range of 
centimeter wavelengths was chosen. It to some degree "prede- 
termined* the construction of the radio telescope# the original 
decision for which was made by S* E. KHaikin and N. L. Kaidanov- 
skii* 

With the erection of the Pulkovo radio telescope it was 
sought to achieve the maximum possible resolving power (about 
one minute of arc at the chosen wavelength of 3 cm). The resolu- 
tion of a radio telescope (reflector), as, for an optical 

telescope, is proportional to the wavelength and inversely pro- 
portional to its diameter* given both quantities (the resolving 
power and the wavelength), the third can be calculated- the size 
of the reflector JJ'' To construct a bowlshaped steerable telescope 
(w'th a diamoter on +he order of 100 meters) with a high precision 
parabolic surface (the flexure cannot exceed 0.5 cm over its whole 
area) was not technically possible. Therefore, the construction 
of a non-steerable fan-tyoe antenna was chosen, made up of sepa- 
rate flat elements of sheet duraluminum. On the whole they ap- 
proximate the surface of the shape of a paraboloid with a variable 


'^or"a circular reflector the resolution (measured 

in radians) is equal to 1.22 , where ^ and D, respectively, 

are the wavelength of radiation gathered and diameter of the 
reflector, both measured in the same units. The larger ^ is, 
the "smaller" the resolving power is, l.e., the ability to separate 
close sources of radiation. (Tr. note) 
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profile (an antenna of variable profile- AVP)* the profile 
de perking on the altitude of the object f radio source)* which 
is observed on the meridiem with its passage throi^gh the **di- 
rectivi-^ diagram*^" of the radio telescope. The variability 
of the orofile (the change of the paranieters of the paraboloid) 
can be achieved acebrdingiy* calculated beforehand in a stipu- 
late ptoetim of observations eti^the displacement of every 
elenvent of the antenm. In principle* automation is possible 
by a . computer- idilCh makes the' calculations and gives the "com- 
mand* for the corresponding shift. 

As far as the . horisontal and vertical sizes of the antenna 
are not equal (the length of the band is nearly 60 times greater 
than the hei^t)* its appearance is like a "knife blade" stood 
on edge: the horizontal resolution of the radio telescope amounts 
to 1** and the vertical resolution* 1° (for a wavelength of 3 cm). 
The radio telescope (with a measure of I30 m by the chord* a 
radius of about 100 m* and a variable focus* depending on the 
form of the antenna) does not move emd is directed to the south. 
Observations are carried out at the moment of passage of a radio 
source through the meridian* without tracking after the source. 

If the object of observation is not a point source* the "knife- 
like array" cuts it into "vertical strips" (with a width of one 
minute of arc)* the signals from which are registered by the 
receiving apparatus; the "slice" of the radio source is obtained 
in right ascension. In such a way it is r'':sible to note (local- 
ize in one coordinate) the position of increased radio radiation 
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in extensive objects, for example* on the disks of the Sun and 
Moon* the visible diameters of which ares about 32* -31*. For 
complete localization of sources (in both coordinates)* obser- 
vations must be taken in two azimuths. The radio telescope 
allows observations to be carried out with shifts of 15 - 20 ° 
to the east 3uid west of the meridian. 

So arose the ler^c Pulkovo radio telescope (tPR) in 1956* 
the most powerful radio telescope in the world at centimeter 
wavelengths. The utilization of it for radio Astronomical ob- 
servations warranted all estimates and hopes which were led by 
it. After 14 years of the radio telescope's use (with several 
interruptions in connection with the removal of moving parts 
of the supports soon after its establishment and reconstruction 
in 1965-1967 with a change-over to millimeter wavelengths) * a 
se ries of significant results was obtained; a number of them 
were mentioned in the previous chapter. The inspirer of almost 
all of the investigations up to the end of July I 968 was S. £. 
KHaikin. In I 965 * for work in the area of radio astronomy* the 
Academy of Sciences of the USSR awarded him the A. S. Popov gold 
medal. Constructional ideas for the LPR were used as the basis 
of the design of the gigantic reflecting radio telescope at 
centimeter and decimeter wavelenp’ths, the RATAN -600t the con- 
struction of which on the Zelenchukskaia plain* begun in 196?* 
has already nro~ressed a great deal (lU. N. Pariiskii and N. L. 
Kaidanovskii embody the general scientific leadership with this 
undertaking). A circular fan-shaped antenna (AVP) with a diameter 
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Of 600 jfeeters and seial^autoKatic control allows observations 
to be siiiultaneoasly carried out in three asimuths with a 
resolving power three tittes- greater than for the Lp{ti the use 
of the whole ring and the backing after an object of obser- 
vation over the extent of 4 houM will be possible. 

Observations at centimeter wayeiei^hs with a substantial 
resolving power were made at first. Therefore, it was necessary 
to have started with an exploitation of the receiving apparatus 
and ail methods of bbservatioitS, f or v whic a great deal of trouble 
was taken. Defects of preliminary versions were ^removed and 
replaced . new constructions aM the working oat "and subse- 
quent improvement of methods. The whole united collective of 
the radio astronq»py department was constantly required for t’ ' s . 

The fPR was highly effectively used by lU N. Pariiskii a’;d 
his group for a detailed investigation of "discrete sources" of 
radio radiation. The substantial resolving power of the /j>R 
since the very beginning of its work allowed the sizes of radio 
sources and the distribution of the "radio brightness" in them 
to be determined, and to obtain their coordinates (by means of 
observations at two azimuths) with the purpose of identifying 
the radio sources with optical objects. The first significant 
result was the detection of the galactic nucleus, the intensity 
of which sharply increases toward the center, the determination 
of its size and mass being made according to observations at 
wavelengths of 3, 10, and 30 cm. The double-peaked distribution 
of the radio radiation in the source Cygnus A was finally estab- 
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lished. and it revealed the erroneousness of the interpretation 

of several results regarding this source* vdiich were obtained 

12 

by aeans of a radio interfer<»Mter. A detailed Investigation 
was carried out on "radio nebulae" which coincided with optical 
observations of gaseous clouds* such as the Crab Nebula in the 
constellation of Taurus* the Great Nebula in Orion* and the 
"Onega" Nebula in the constellation of Sagittarius; distinctive 
^aits were found in the character of the distribution of "radio 
brightittss* for 'Epical gaseous (or gaseous-dusty) nebulae and 
nebulae which present themselves as supernova remnants (for 
examole* the Crab Nebula)* The coordinates of a large number 

12 

High resolution can be reached not only with an increase 
of the size of the telescooe (reflector)* but also with the help 
of a radic interferometer- two antennas separated by a known 
distance and corjiected to each other with a "h-.gh frequency tract*" 
so that the radio siemals brought in by both antennas are added 
UD in one receiving aooaratus. The directivity diagram of the 
radio telescooe has a "multi-petalled" form. Its "petals" are 
ffreater (and also the resolving power), the larger the base of 
the interferometer is* i.e., the further the antenna are separated. 
At the oresent time interferometers are used without cornecting 
tracts. Observations are synchronously registered on magnetic 
tape and then decinhered by comouter and "added up," thanks to 
the strict synchronization. Here the high precision time service 
(see p. finds an ap^'llc ition with the utilization of atonic 


s*'ar.dards. 
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of radio sources of galactic and extragalac tic origin tiere 
deterained. After the reconstruction of ^he LPR (196?)* new 
measureaents were carried out and a hi^ precision aorphologi- 
cal catalog of galactic sources nf radio radiation was put 
t^arether. 

Observations were aade in parallel fashion of linearly- 
polarised radio radiation of nebulae at wavelengths of 3*2 and 
6.3 CM (N. S. Soboleva and others)* nie polarisation of radia- 
tion testifies to its non-theraal characters for exanple. the 
radiation of the Crab Nebula partly has this character* and the 
radio source Cygnus A* *diere a noticeable portion of the radia- 
tion is polarised* does also. According to Pulkovo data* about 
4 . 59 C of the radio rar'lation for the Crab Nebula at a wavelength 
of 3*2 CM is polarised. From observations of both the just-nen- 
tioned objects (galactic and extragalactic) it follows that the 
percentage of polarisation increases wi the decrease of the 
wavelength of the radi*? radiation; therefore* observations at 
short wavelengths are especially useful. As far back as 1953 
I. S. SHklovskii set down the proposition concerning the presence 
for the Crab Nebula of an intensive magnetic field* which must 
decelerate electrons and force then to emit synchrotron radiation 
in the ooti<;al ard radio-microwave ranges (magnetobrehmstrahlung 
or the synchrotron effect). The Leningrad astronomer V. A. Dom- 
brovskii confirmed this assumption by detecting the polarised 
lirht of the Crab Nebula; radio astronomical results confirm this. 
Polarizational observations in the millimeter and submillimeter 
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ranices could become a means of searching for supernova remnants* 
the outbursts of which were not earlier observed. 

Investigations* conditionally called "spectral* invest iga> 
tions* accrued great interest. Observations were also conducted 
at . wavelengths* but in the given case it corresponds 

to a discrete spectral line of s<»e chemical element or compound. 
Its choice depends on the purpose of the investigation. For sys- 
tematic observations at Pulkovo by N. P. Ryshkov* T. M. Egorova* 

N. V. Bystrova* and I. V. Gosachinskii* two lines were selected: 
the lines of neutral hydroaen with a ««velength of 21 cm* and 
the hydroxyl molecule (OH)- 18 cm. Since the time of the dis- 
covery of the 21 cm hydrogen line in . 1951 » radio astronomers at 
once realized what a powerful means of investigation they had 
obtained in the discovery itself* namely the means and not the 
object* although at first hydrogen was a topic of investigation. 
Cold* neutral hydrogen is found everywhere in the galaxy; to 
distinguish vdiat regime of space it belongs to* it is indeed 
possible according to its velocities* which are observed as a 
rule by the displacement of spectral lines (in the given case 
by the 21 cm line). Thus* a nap of the distribution of hydroaen 
was out toaether* which graohically showed that our galaxy* indeed* 
oreser.ts itself as a soiral system* the arrangement of the snirals 
(arms) and the direction of motion of hydroaen in them now being 
known* although in need of being more accurately determined. In 
passing* it is indeed nossible to more accurately determine the 
map. The fundamental problem of Pulkovo radio astronomers onsists 
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of utillzirur the known distribution of hydrogen* in order to 
obtain accurate information concerning other sources cf radio 
radiation* their arranaenent or structure (if the scarce is 
extended). In this case interstellar hydrogen is alS'' used 
as a means of investigation. Its line at a wavelength of 21 
cm* considered till now **a mess" because of its irregular con- 
tour and the washed-out ap'^arance of its breadth* was shown to 
be extraordinarily "advantageous" for the investigators. This 
line nresents itself as a whole assemblage of frequencies* which 
corresponds to hydrogen moving with different velocities observed 
along the line of sight. Tuning in several frequencies nearby 
the frequency of 1420 Nhz (wavelength 21 cm) and sinultanecusly 
takiner information in several channels (in the Pulkovo installa- 
tion there are 10)* radio astronomers "look through" all of the 
galaxy’s soace in the direction of the strips of observation. 

If an object is encountered alona the line of sight which pos- 
sesses "continuous spectrum" radio radiation* then it gives the 
line of hydrocen in absorption (hydrogen absorbs if situated 
bet%»een the observer ard the radiating object). Looking along 
such a direction* sections of the "washed-out" line of 21 cm 
are show in absorption* concerning which, the corresoonding 
channels cf the receiver make it nossible tc determine in what 
part of space the "continuous radio radiation" object is situated, 
i.e., it is possible to estimate the distance to it* ard its 
co''rdinates are determined with the direction of observation. 

The substantial res-lvirg power of the LPR allows this to be 
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done with sufficient accuracy (the rei olvina power for a wave- 
length of 21 cm is seven times than at 3 cm) . If the 

investigated source apoears to be double, the “Pulkov? method" 
allows the determination of whether bo h sources are ohysically 
connected to each ^'ther (they are situ ted in one volume of 
soace)* or whether they accidentally lie on too of each ether 
alone- the line of sieht. 

In such a way a large number of radi- sources was investi- 
gated. Of course* the first object of investigation was the 
ffalactic nucleus* a«i in a more recent representation of it as 
a source oossessing strict symmetry 'elative to the direction 
toward the galactic center, essential annr.endnent'- to the repre- 
sentation came to be intr- duced. At firrt other observers* in 
particular* Australian radio astronomers, could not verify the 
results of the Pulkovo radio astronomers. But the result was 
also confirmed with the observation of the hydroxyl a lecule 
lines at 18 cm at the very same Pulkovo installation. The hy- 
droxyl molecule, like neutral hydrogen, is axso used in the 
caoacity of a means of investigation* bu its distribution in 
snace has still hardly been studied, ind therefore, it presents 
itself* excent for what was just i..enticnel, as ait object of 
investigation. According to Pulkovo dat?». olouds of hydroxyl 
molec les oossess different motions in soar® and do not natch 
those of hydrogen. Most llke'’\ -^hls is not accidentali hydro*:yl 
molecules a.e very eremeti ; cr'.idizers; they "readily" enter 
into rcacti''ii with almos-r a y chomioal elonent (in combination 
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with hydropren they make water). In other words* the hydroxyl 
molecule Is the "building material” in the galaxy. But from 
whence it c-'mes and into the creation of what it goes* is not 
well knnwn at present; not without reason* it has been called 
"mysterium."^^ Attempts to unravel the mysteries of cosmic 
hydroxyl clouds* and at least find some approximate answ-rs 
to the questions* continue at Pulkovo. 

Another direction of spectral (radio astrononical) inves- 
tieations consists of the detection of new lines of moncchro- 
matic radio radiation. In 1958 N. S. Kardashev ( GAISH ) calcu- 
lated the "energetic transitions" of a series of radio lines 
of excited hydroae'^ and indicated the oossibillty of their 

Pri»»C.p«5| 

being observed. In 1963 the ^ Astronomical a Colleagues 
A. F. and 2, V, Dravsklkh detected one of those lines with a 
wavelength of 5.I cm in the radio radiation of the "Craega" and 
Crion Nebulas. Some time later R. L. Sorochenko and E. V. Borod- 
zich ( FIAN . Moscow) observed one more line of the same series 
with a wavelength of 3*^ The report of both of these dis- 

coveries at the lAU conference in Hamburg ( 1964 ) was met with 
great approval. All five authors were honored with a diploma 
for the dis^Jovery, registered in 1966 by the Committee for 

*^There are now .T.any such "mysterlums." Exceot for OH, a 
variety of "building materials" has beer, observed by radio 
astronominal methods in interstellur spacei water, formaldehyde, 
several alc-^hcls, etc. 
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Business of Inventions and Discoveries o'f the Council of 
Ministers of the USSR. 

A "quasars service" was systematically put into operation 
with the helo of the LPR* which was conducted on an interna- 
ti“>nal scale for the study of their radio variability. In I963 
ootical variability was shown on old photceraphic -elates by 
two Moscow astronomers (A. S. SHarov and lU. N. Efremov), and 
simultaneously by two American astronomers (H. Smith and 0. 
Hoffleit), soon after the discovery of the red shift of the 
lines in the spectrum of the quasar JC 273 M. Schmidt. The 
displacement of the spectral lines toward the red end (if it 
is to be interpreted as Doppler-like) indicates the recession 
of the source. The size of the displacement (the velocity of 
recession) testifies to the enormous distance to a quasar. 

Prom the apoeirent stellar magnitude and the known distance, 
the absolute stellar magnitude (luminosity) can be calculated, 
on the basis of which it can be concluded that a ouasar radiates 
100 times more energy in the optical part of the spectrum than 
our whole galaxy. Gn the other hand, the variability of its 
brightness indicates that this is a sinarle body, and not a 
conglomerate. The exolanation of the variability of quasars 
w’th the oeriodical and co''rdinated outbursts of a hundred 
suoernovae was rejected. Prom the ^eriod of variability (from 
several days to one year) it follows that the diameter of a 
typical quasar dees not exceed 1 light-year. The sizes, indeed, 
are small for a body with 100 bill ’on solar masses. These sizes 
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are confirmed by aeasuremerts at the time of occultations of 
a quasar by the Moon and in the features of radiointerferonetric 
measurements t the diameters of quasars seem to be sicnif icantly 
smaller than the visible sizes of the most distant galaxies. 

Till 1967 the radio variability of quasars remained in 
doubtx the oeriods* not observed with certainty, did not coin- 
cide with those detected optically on photographs. At Pulkovo 
N. M. Lipovka obtained a most prolonered series of radio obser- 
vations of the quasar 3C 273 • A 10-day period of radio varia- 
bility was found for it, although the radio observations of the 
variability were more comolicated than the optical observations 
because of obstacles which arise in the cosmos itself, in inter- 
planetary and interstellar space. Confident series of radio 
o^'servations of quasars could be obtained on the basis of inter- 
national coooe»'ation. "Closely soacai series" of observations 
are necess try for the revr img of short oeriod variations. Ob- 
servations of several quasars ?re conducted at Pulkovo at a 
wavelength of 6 cm (1963-1967) and at 4 cm (since 1967); at t'mes 
they were taken every day with each pass^j-re of the quasar through 
the meridian. The joint study of the variability of quasars with 
radio astronomical and optical methods probably sheds lirht on 
their nature. 

Finally, let us take one more lo'"-k at radio observations 
which are imrortant for cosm''logy. Lately at Pulkovo attempts 
have beer made to discover fluctuations in the b.ckeround radia- 
tion. As mentioned earlier (see p. 181), the discovery of the 
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backffround thermal radiation was taken as indisputable evidence 
in favor of a non-statir'nary model of the universe* which was 
hot in the past* Indeed* if the universe was formed as a result 
of a bia bana* with which the temcerature reached billions of 
dearees* then with the expansion it must have cooled down. The 
remainder of the radiation which is observed in the present epoch 
at different wavelenaths of the radio spectrum leads to a single 
background temoerature of about 3*^ K (3 degrees above absolute 
zero)* i.*e** this is not some kino of special radio radiation 
and is orecisely thermal radiation. In the optical range of the 
soectrum the radiation has such a low temperature that it cannot 
be observed at all- another advantage of radio astronomy. Pro- 
bably* the background registered by radio telescopes brings us 
information from the most ancient period of the universe (Meta- 
galaxy)* during which the formation of quasars and galaxies began. 
Ijwt is this background continuous? Is it impossible to pick out 
seoarate fluctuations* "clumps of energy*" from it? Galileo also 
roughly viewed the mysterious Milky Way, layed out in stellar 
clouds and separate stars with the only difference being that he 
"did not look" so far into the oast universe. In other words, 
is it imoossible to observe that which came before galaxies and 
quasars- protogalaxies and orotoquasars? 

Having asked such questions, Pulkovo radio astronomers ob- 
tained a negative answer. With great precision it was cossible 
to show that the background has a structureless character. Ap- 
parently* between us and our most distant past, is situated a 
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"continuous fog" in the form of an "electron gas undergoing 
Thompson scattering," Such was the result of the observations 
and its unexpected interpretation* 
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CONCLUSION 

We return to our life* 

Arriving at Pulkovo Observatory with a tour or alone « the 
conglomeration of towers is astonishing* the fantastic outlines 
of the domes* like the originals* used with some fantasy* as 
in abstract art* although this is no abstraction and no fsuitasy* 
rather* an expedient realization of concrete projects with strictly 
scientific objectives. The strikingly flat metallic "semi -circular 
fence" - the fsm-like antenna of the Pulkovo radi^elescope 

with multiply repeating tuning mec nanisms on the back side- 
attracts one's attention. And nearby are the bowl-shaped metal- 
constructions of radiotelescooes of different sizes with retina 
or continuous reflecting surfaces. Almost all the structures 
are original, every one of interest. 

At Pulkovo there are architectural and historical monuments. 
Already at the entrance at the foot of Pulkovo hill one's attention 
turns to a stone arbor-fountain (architect Thomas deThomon, I8O9) 
standing to the right of the highway. This is one of three remain- 
ing ponds, some time ago standing on the Saint Peter=burg-TSarskoe 
Selo road (two of the others were transferred to the city limits). 
On the ascent of the Kiev highway one meets another architectural 
structure- an ancient erotto, made in 180? according to a project 
of A. N. Voronikhin from Gatchina limestone. 

In the Circular Reception Hall of Pulkovo Observatory there 
is a portrait gallery of distinguished astronomers of the XVIII- 



213 


XX centuries. A portion of the portraits is situated in the 
reading callery of the science library. A collection of oic- 
tures (about 50) fills up the extent of the whole history of 
the oarticipants. In the majority of them the portraits, painted 
in oils, are originals and were executed by well known masters 
or present themselves as good copies of the originals. Among 
them are two portraits of Wilhelm von Struve i one in the library, 
made from a photograph of 1864 by N. L. Tiutriumov, the other, 
the work of the notable Danish oortraitist Christian-Albrecht 
Jensen. Several copies from portraits of foreign astronomers, 
located In the Circular Reception Hall, came from his brush. 

There are portraits ofi A. P. Briullov (original?), in a rendi- 
tion of his brother K. P. Briullov i Otto Struve, and A. N. Savich 
(orisrinals)- works of the distinguished Russian pointer I. N. 
Kramskoii 0. A. Baklund, in a rendition of another artist-copyist, 
N. P. Bogdanov-Belskiii li. > "the work of the great Swedish 

artist 0. D. Gill, in the original impressionist brush style 

of El*sa Baklund, oldest daughter of 0. A. Baklund, a well known 
artist, especially in the oeriod of her life in Sweden since 1916; 
B. P. Gerasimovich, made in 1957 by tlie Leningrad artist N. G. 
Lopakint and many others. 

In the very same Circular Reception Hall (the form of the 
circle has only a stone floor in the interior part of the hall, 
separated by massive columns from the exterior part in the form 
of an octahedron, where, in essence, exhibits take place) a pho- 
toerranhical show was olaced, which was devoted to the history 
and scientific activity of Pulkovo Observatory and its branches. 
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and also there is situated the nuseum of astronomical observa- 
tional equipment* various clocks* demonstrating the development 
of measurement of the "custody of time*" visual receivers and 
laboratory aoparatus* several manuscripts and a few books* per- 
iodically having been presented for review. Having existed 
until the war* the museum of old instruments was entirely de- 
stroyed* the present day collection was created anew in 1965. 

In the central part of the hall* on the Pulkovo meridian* in 
1964* at the one hundredth anniversary of the death of Wilhelm 
von Struve* wf -•:’’ed his marble bust* in a rendition of 

the Leningr*- ^ .A. Teplov. 

Outside u. ^ ctnises* in the niches of the northern facade 
of the main building of the observatory* are established the 
sculptures of the most notable astronomers who destroyed geo- 
centrism and who gave expression to the developme^'t of modern 
representations of the cosmos- Nicolaus Copernicus and Galileo 
Galilei (the sculptors were L. lU. Eidlin and L. N. Barbash). 
Opposite to the entrance in the small building of the seismo- 
logical station* having an attractive view of the metropolitan 
dachas or private summer hones, in the neighborhood of the pain- 
ted Petrov stone mound* on a pedestal of red granite, towers 
a bronze bust of the founder of the station, the academician 
Grand Duke B. B. Golitsyn (sculptor N. Kochutov, 1955) • 

To the northeast of the main building, on a steep slope 
of the hill, is situated a memorial cemetery of astronomers. 

Here is buried the founder of the observatory Friedrich Georg 



215 


Wilhelm Struve, next to him his wife Johanna Pranciska Struve- 

1 ^ 

Bartels (1007-1867), 0. A* Baklund, A. A* Belopol'skii, S. K. 

Xcstinskii, G. N. Neuimin, S. I. Beliavskii and many workers 

Pulkovo, whose memory and business science and the history 

Pulkovo Observatory oreserves. 

On the nortr.ern slope of the hill, since the time of the 
last war, a military cemetery with communal graves was formed, 
on which those who perished were enumerated and with nameless 
graves, which also are reverently protected. A l 2 irge communal 
grave of the guardsmen is situated on the Pulkovo meridian, on 
the summit of the hill, in front of A facade of the main building 
of the observatory. On the cemetery lawn is a modest monument 
of grey granite with a marble slab and the laconic inscription, 
carved in goldi "Eternal memory tc the heroes-guardsmen having 
perished in defense of the city of Lenin. January- 1944." 

That unforgettable Januaury cost so many lives! Sacrifices 
were made but not in vaini drawing here, the enemy found then 
only its destruction, as they found it on other fields of battle 
in the war which undid them. Yearly, thousands of peoole from 

^This was the second wife of W. Struve. His first wife, 

Emily Wall ( 1796-163^) » died in Dorpat, having left after her 
eight children. The necessity to bring them up was left to the 
second marriage. Of the second wife of W. Struve his son Otto 
Struve spoke not only concerning the suitable choice of his 
father, but about the mother dear to all the children. 
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different corners cf the country visit Leningrad and Pulkovo, 
in order to see the place of t^e bloody bat*^les and tc bow their 
heads for the bravery and those who oerished with courage and 
did not orevail. 

Traces of the last battles are preserved "c the south of 
the observatory in the appearance of an anti-tank ditch, having 
eroded in places, passing over the Kiev highway to the fdr^€. 
radi<^elescooe through orchards and gardens now occupying this 
territory, some time ago havin®- been named the "line of defense." 
Cn b^'th sides of the highway, which crosses the Pulkovc River, 
stand twc rectilinear form structures of solid concrete, wi+h 
the deenly embedded fisrures "1941-1044.** The otone massifs one 
and a half kilometers from the south gates of the observatory 
designate the one-time boundary of the front, having stabilized 
after 28 months. Within three hurtdred meters of the very gates, 
on the left side of the road, a grandiose monument was built 
in 196?, in the form cf a mural with mosaic designs, portraying 
the heroic victory of the Leningrad troops in the Great Patriotic 
War. The project cf the m'~nument was worked out at the Leningrad 
Higher Artisti® -Industrie.1 Academy by V. I. Mukhina , under the 
ie'.idershio of its rector lA. N. Lukin. 

And an even more sublime monument to the heroes-defenders 
of Leningrad is Pulko./c Observatory itself, restored at the fork 
in the road and orcsnering to the glory of Russian science and 
to the g^ory of the heroic city a’^d its Motherland. 
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